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PURPOSE 


The  general  objective  ui  this  project  has  been  to  evolve  a process  of 
electrophotography  suitable  for  producing  high-quality  continuous-tone 
photographs.  A detailed  outline  of  the  initial  objectives  of  this  investigation 
is  given  on  page  1-2  of  this  series  of  reports.  These  objectives  specify  an 
electrophotographic  process  to  produce  photographs  equivalent  in  quality 
and  appearance  to  photographs  made  by  more  conventional  processes,  but 
without  the  limitations  of  such  processes.  ($* 

The  chief  aims  of  the  work  on  this  project  for  the  calendar  year  1952 
were:  (1)  to  work  out  the  steps  of  a process  of  electrophotography  in 
which  the  plate  can  be  carried  from  sensitization  through  development  in 
a total  elapsed  time  of  from  five  to  ten  seconds;  (2)  to  consolidate  the 
process  for  making  selenium  electrophotographic  plates  containing  seven 
per  cent  tellurium;  and  (3)  to  stydy  the  sensitometry  of  electrophotography 
so  as  to  make  the  most  of  the  process  in  faithful  rendition  of  the  densities 
found  in  the  original  scene  being  photographed. 


PUBLICATIONS  AND  REPORTS 


On  July  30,  1952,  a demonstration  of  the  current  status  of  electro- 
photography was  given  at  the  Signal  Corps  Engineering  Laboratories,  Fort 
Monmouth,  New  Jersey,  for  interested  personnel  of  the  Squier  Signal 
Laboratory.  The  regular  informal  monthly  letter  reports,  minutes  of  the 
meetings  held  with  the  Sponsor' s representatives,  quarterly  progress  re- 
ports, and  this  final  progress  report  constitute  the  remainder  of  the 
publications  and  reports  made  by  the  Battelle  staff  on  continuous -tone 
electrophotography  during  the  calendar  year  1952. 


SUMMARY 


Results 


Major  advances  have  been  made  on  several  of  the  problems  considered 
this  year,  and  some  progress  has  been  made  on  all  of  them.  Electro- 
photographic plates  developed  this  year  have  greater  sensitivities  than  ever 
before,  having  speeds  by  daylight  approximating  ASA  20  to  30.  In  addition, 
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plates  are  more  panchromatic  than  he4  ietoforcv ' 0 'rv*  the  rc>,:onse  some 
plates  Extending  into  the  red  end  of  if  i visible  a \ : f?.x um.  The  time'  re- 
quired  to  develop  a plate  is  now/)l‘  -than  one  second,  as  opposed  to  thi-  10 
to  15  seconds  required  at  the  be  tuning  of  this  year.  The  large  and  bulky 
p-oWer  supply  required  wi&^ire 4^/tef-canie r.a»  has  been  eliminated  entirely 
•ifevLJtsing  a radioactive  sensi,tiziff  A brief  review  of  these  and  other 

advances  is-uiven  below.  *'  T ^ " ,.i)  " 


A large  number  of  plates  have  been  made  by  vacuum  deposition  of 
mixtures  of  selenium  and  tellurium  as  single  layers  on  brass  plates. 

These  selenium-tellurium  plates  have  shown  a wide,  and  so  far  unexplained, 
variation  in  electrical  characteristics.  Some  plates  had  a panchromatic 
response  and  the  high  photographic  speed  desired  in  electrophotographic 
plates;  the  majority  did  not  have  these  properties,  or  had  such  high  residual 
potentials  or  high  rates  of  dark  decay  that  they  would  not  be  practical  in  a 
camera. 


Considerable  effort  was  expended  in  attempting  to  identify  the  cause 
of  this  variability  in  electrical  characteristics  from  one  plate  to  the  next. 
Attempts  were  made  to  improve  the  control  of  plate-preparation  conditions 
in  the  vacuum  system;  many  of  the  preparation  conditions  were  varied  in 
an  effort  to  map  the  effects  of  these  variables  and  to  determine  which  must 
be  closely  controlled  to  get  reproducible  results;  and  studies  were  made  of 
various  plate -sensitization  techniques  in  order  to  reduce  or  eliminate  vari- 
ations due  to  different  sensitization  techniques*  None  of  these  provided  an 
answer  to  variations  in  the  electrical  characteristics  of  single-layer 
selenium-tellurium  plates. 


Two-Layer  Selenium-Tellurium  Plates 

One  of  the  important  results  obtained  on  this  project  has  been  the 
development  of  two-layer  selenium-tellurium  electrophotographic  plates 
having  essentially  panchromatic  response,  at  a photographic  speed  as 
great  as  15  times  that  of  the  selenium  plates  used  previously.  These  two- 
layer  plates  are  superior  to  single-layer  selenium-tellurium  plates  in  that 
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they  have  lower  rates  of  dark  decay,  lower  residual  potentials,  and  can  be 
reproduced  more  consistently  than  one-layer  plates. 

Plates  made  with  a foundation  layer  of  about  40  microns  of  selenium, 
and  covered  with  two  to  four  microns  of  a mixture  of  80  per  cent  selenium 
and  20  per  cent  tellurium,  show  photographic  speeds  up  to  15  times  that  of 
selenium  plates ; in  addition,  their  response  extends  well  into  the  red 
portion  of  the  spectrum.  These  two-layer  plates  are  less  affected  by  small 
changes  in  preparation  conditions  than  are  single-layer  selenium-tellurium 
plates.  Actually,  they  can  be  produced  almost  as  consistently  as  selenium 
plates,  but  still  greater  reproducibility  is  needed  to  assure  commercial 
success.  Two-layer  plates  generally  show  lower  dark-decay  rates  and 
lower  residual  potentials  than  one-layer  selenium-tellurium  plates  of 
comparable  speeds  and  spectral  response. 

Good  images  have  been  produced  on  these  two-layer  selenium- 
tellurium  plates,  the  plates  being  significantly  more  sensitive  to  daylight 
than  is  the  case  with  selenium  plates.  Equally  important,  the  quality  of 
the  images  produced  on  the  selenium-tellurium  plates  appears  to  be  in- 
herently as  good  as  those  obtained  on  selenium  plates. 


Microscopic  Examination  of  Electrophotographic  Films 


Microscopic  examination  of  selenium  films  taken  from  electro- 
photographic plates  showed  crystals  in  the  brass-selenium  interface  of 
red-sensitive  selenium  plates,  but  no  apparent  crystals  in  non-red- 
sensitive  plates.  However,  crystallinity  did  not  always  accompany  pan- 
chromatic response  in  selenium-tellurium  plates  as  it  did  red  sensitivity 
in  selenium  plates. 


Sensitization  of  Selenium-Tellurium  Plates 

The  electrical  characteristics  of  selenium-tellurium  plates  are 
more  susceptible  to  variations  in  sensitization  methods  than  they  are  in 
selenium  plates,  in  general,  the  electrical  characteristics  of  selenium- 
tellurium  plates  improve  with  repeated  charging  or  when  high-current 
sensitizing  conditions  are  used.  This  effect  is  particularly  noticeable  in 
the  dark  decay  of  plates  which,  when  charged  with  low  corona  current, 
may  be  rapid  enough  to  obscure  the  light  sensitivity  of  the  plate  but  which 
may  be  reduced  by  charging  with  high  corona  current  so  that  accurate 
measurements  of  light  sensitivity  can  be  made. 
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Another  important  accomplishment  has  been  a notable  reduction  in 
the  time  required  to  develop  an  electrophotographic  plate.  Images  of  high 
quality  can  be  produced  now  with  a development  time  of  less  than  one 
second.  Results  are  reproducible  and  can  be  obtained  on  portable  equip- 
ment. In  addition,  a device  was  built  which,  by  logical  extension,  can  be 
used  to  develop  much  larger  plates  than  could  be  handled  with  previous 
equipment. 


development 


Radioactive-Sensitizing  Device 


U 

Still  another  important  result  of  this  project  is  the  development  of  a 
new  type  of  sensitizing  apparatus  well  suited  to  both  laboratory  and  field 
use.  A small  radioactive  source  is  used  to  create  ions  in  the  air  above  the 
electrophotographic  plate.  These  ions  are  then  driven  onto  the  plate  by  an 
electrical  field,  producing  the  necessary  electrical  potential  on  the  plate. 
No  heavy,  high-voltage  power  supply  is  necessary,  the  electrical  field 
being  supplied  by  a few  hundred  volts  of  miniature  "B"  batteries.  Plates 
can  be  sensitized  in  approximately  15  seconds. 


Transfer  Material 


A material  currently  undergoing  test  appears  to  be  a suitable  medium 
to  which  electrophotographic  images  can  be  transferred.  In  the  laboratory, 
transfers  of  high  quality  have  been  made  to  this  coated  paper  which  requires 
no  moistening  prior  to  use,  and,  although  slightly  tacky,  does  not  require 
interleaving.  This  paper  material  is  relatively  inexpensive,  and  probably 
can  be  supplied  in  several  different  weights  and  types. 


Rapid-Processing  Device 

A device  has  been  constructed  which  can  process  an  electrophoto- 
graphic plate  from  the  sensitization  step  through  exposure  and  development 
in  less  than  three  seconds.  This  device  has  permitted  taking  photographs 
on  selenium-tellurium  plates  having  fast  dark-decay  rates. 


Recommendations  for  Future  Work 


Further  work  on  electrophotographic  plates  should  be  directed 
mainly  to  consolidating  the  position  these  plates  have  now  attained.  Although 
electrophotographic  plates  have  not  reached  either  the  speed  or  the  spectral 
response  of  the  best  photographic  films,  so  that  they  are  not  entirely 
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suitable  as  yet  for  aerial  photography,  they  could  be  used  successfully  for 
most  other  applications  where  silver  halide  emulsions  are  commonly  used. 
For  the  immediate  future,  work  on  electrophotographic  plates  probably 
should  be  limited  to  learning  how  to  produce  such  plates  consistently.  When 
it  has  been  demonstrated  that  this  is  possible,  then  further  consideration 
might  be  given  to  a plate  program  leading  to  the  development  of  electro- 
photographic plates  having  a speed  and  a spectral  response  appreciably 
better  than  the  best  of  those  available  today.  Such  a program  could  be 
expected  to  be  both  expensive  and  time  consuming. 

It  is  recommended  that  further  work  be  done  with  radioactive- 
sensitizing  units  to  determine  how  they  can  best  be  used,  and  to  establish 
precautions  for  handling  them  safely. 

Attention  should  be  given  to  devices  which  might  simplify  the  proc- 
essing of  selenium-tellurium  plates.  Also,  further  work  is  needed  to  gain 
an  understanding  of  some  of  the  many  problems  involved  in  development  of 
electrophotographic  images  using  powder-cloud  techniques.  Investigation 
of  other  developer  materials  may  result  in  images  of  better  quality  or  of 
more  plpasing  appearance. 

That  full  advantage  may  be  taken  of  some  of  the  unique  character- 
istics of  the  electrophotographic  process,  thfe  sensitometry  of  electro- 
photography needs  to  be  studied  in  greater  detail.  Such  factors  as  being 
able  to  choose  the  gamma  of  the  plate  for  any  given  exposure  condition 
might  give  electrophotography  a considerable  advantage  over  other  photo- 
graphic processes. 

The  transfer  material  developed  during  1952  gives  good  results,  but 
it  is  recommended  that  further  attention  be  given  to  the  problem  of  transfer 
in  the  belief  that  further  improvement  can  be  made. 


EXPERIMENTAL  WORK 


Plates 


The  aim  of  work  during  the  past  year  on  electrophotographic  plates 
has  been  to  devise  a method  for  consistently  producing  highly  sensitive, 
panchromatic  electrophotographic  plates  capable  of  yielding  good  quality 
pictures  in  a rapid-processing  electrophotographic  camera.  This  aim  has 
been  reached  to  the  extent  that,  by  following  a prescribed  vacuum- 
deposition  procedure,  it  is  now  possible  to  produce,  almost  every  time, 
plates  that  show  the  desired  characteristics.  Such  plates,  made  from 
mixtures  of  selenium  and  tellurium,  have  10  to  15  times  the  photographic 
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speed  of  selenium  plates  in  daylight,  are  essentially  panchromatic  in  their 
response  to  light,  and  have  dark-decay  rates  and  residual  potentials  low 
enough  to  permit  use  in  a rapid-processing  camera  devised  as  a part  of 
this  project. 

\y 

These  plates  reproduce  fine  detail  and  as  wide  a range  of  tones  as  do 
selenium  plates.  However,  they  are  more  sensitive  than  selenium  plates 
to  variations  in  sensitization  procedure,  and  to  repeated  use  and  other 
fatigue  factors.  Accordingly,  they  are,  at  present,  more  difficult  to  use; 
additional  work  will  be  required  to  eliminate  these  effects. 

Most  of  the  data  on  plates  in  this  section  were  obtained  after  the 
plate  had  been  sensitized  in  a "scorona"  unit  designed  to  give  relatively 
rapid  charging  of  the  plate.  This  arrangement  consisted  of  a single  corona- 
discharge  wire,  0.  0035  inch  in  diameter  and  four  inches  long,  located  11/16 
inch  above  the  surface  of  the  plate.  The  corona  wire  was  raised  to  a positive 
potential  high  enough  that  the  corona  current  was  100  microamperes  at  about 
7000  volts.  One-half  inch  above  the  corona  wire  was  located  a metal  shield 
1.  5 inches  wide  and  held  at  the  potential  of  the  potential-control  grid.  The 
potential-control  grid  consisted  of  16  wires,  0.  10  inch  in  diameter,  spaced 
0.  1 inch  apart,  located  3/16  inch  above  the  plate,  and  connected  to  a 
positive  potential  between  zero  and  500  volts,  depending  on  the  value  of 
initial  potential  required  on  the  plate.  Sensitization  took  five  seconds, 
during  which  the  entire  unit  was  moved  by  hand  back  and  forth  across  the 
plate. 


Ultrapure  Selenium 

The  study  of  the  effect  of  impurity  materials  on  the  characteristics 
of  selenium  plates  began  in  1951  with  determinations  of  the  effect  of:  (1) 
removing  as  many  as  possible  of  the  impurities  present  in  the  ARQ(l) 
selenium  used  at  that  time  for  preparing  plates,  and  (2)  adding  controlled 
amounts  of  impurities  to  the  selenium.  The  results  of  work  on  the  second 
approach  were  reported  in  the  Final  Progress  Report  dated  December  31, 
1951,  but  at  the  time  that  report  was  written,  the  preparation  of  the  ultra- 
pure  selenium  had  been  completed  but  no  plate  had  been  prepared  from  it. 

A plate  was  made  from  the  ultrapure  selenium  late  in  1951.  The 
electrical  properties  of  this  plate  were  practically  identical  to  those  of 
plates  made  with  ARQ-brand  selenium. 


Ultrapure  selenium  used  in  the  above  tests  was  prepared  by  forming 
selenium  hydride  from  ARQ  selenium,  vacuum  distilling  the  hydride 

(1)  ARQ-brand,  C.  P.  , Shotted  Selenium,  Canadian  Copper  Refiners  Limited,  Montreal  East,  Canada. 
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several  times,  and  then  thermally  decomposing  the  hydride  into  selenium 
and  hydrogen,  the  hydrogen  being  removed  from  the  evacuated  apparatus 
through  a palladium  wall.  Spectrographic  analysis  of  the  resulting  selenium 
showed  no  lines  for  any  other  elements.  About  ten  grams--enough  for 
preparing  one  plate — was  obtained. 


Precautions  were  taken  to  avoid  contaminating  the  selenium  during 
preparation  of  the  plc.e.  The  sample  was  handled  in  an  evacuated,  sealed 
Pyrex  tube  which  was  nicked  for  easy  opening  inside  an  evacuated  bell  jar. 
A special  heater  was  prepared  to  fit  the  Pyrex  tube,  and  the  selenium  was 
evaporated  directly  from  it,  thus  avoiding  contact  with  any  other  material. 
The  proper  electrical  input  to  the  heater  was  established  by  making  several 
evaporations  of  ARQ  selenium  from  tubes  similar  to  the  one  that  contained 
the  ultrapure  selenium.  After  the  operating  conditions  were  established 
for  evaporating  from  this  source  at  the  desired  rate,  these  conditions  also 
were  used  to  prepare  plates  from  ARQ  selenium  for  direct  comparison 
with  the  plate  made  from  the  ultrapure  selenium. 


! 


Evaporation  of  the  ultrapure  selenium,  and  of  the  ARQ  selenium  in 
the  trial  runs  which  preceded  it,  extended  over  a 90-minute  deposition 
period.  An  additional  one-hour  period  was  used  to  cool  the  plates  to  room 
temperature.  During  evaporation,  the  brass  backing  plates  were  mounted 
against  a temperature-controlled  platen  maintained  at  79  C plus  or  minus 
one  degree.  Under  these  conditions,  selenium  layers  approximately  42 
microns  thick  were  obtained. 

Figure  10-1  shows  the  characteristics  of  Plate  R-12-31-51-A  made 
from  the  ultrapure  selenium,  and  the  characteristics  of  Plate  R- 10-24-5 1-A 
made  from  ARQ  selenium  under  the  same  conditions.  These  plates  were 
measured  under  the  low-current  sensitizing  conditions  used  in  earlier  work. 

A,  Figure  10-1,  the  sensitivity  is  given  as  the  reciprocal  of  the  time  in 
seconds  for  the  potential  on  the  plate  to  decay  from  200  to  100  volts  when 
the  plate  is  exposed  to  light  of  specific  wavelengths  at  an  intensity  of  about 
0.030  microwatt  per  square  centimeter,  or  the  equivalent.  (1) 


(i) 


Measurements  were  not  made  by  finding  the  time  for  the  potential  actually  to  fall  from  200  volts  to  100 
volts  while  the  plate  was  illuminated  with  the  given  intensity  of  light.  When  this  procedure  was  at- 
tempted, the  times  involved  varied  greatly  for  different  colors  of  light,  and  the  relatively  rapid  decay  ol 
the  potential  in  darkness  introduced  an  unknown  error  in  die  results.  Therefore,  the  procedure  was 
changed  by  using  a constant  rate  of  decay  for  the  potential  so  that  the  effects  of  decay  in  darkness  would 
be  more  nearly  equal  In  all  cases.  In  this  procedure,  die  intensity  of  the  light  was  adjusted  to  decay  the 
plate  from  200  to  100  volts  in  exactly  five  seconds.  Then,  assuming  the  reciprocity  law  holds,  the  five 
seconds  was  multiplied  by  the  ratio  of  the  intensity  found  in  die  above  experiment  to  the  intensity  in 
terms  of  which  the  results  are  given,  0.030  microwatt  per  square  centimeter.  The  reciprocal  of  this 
the  sensitivity  of  the  plate. 


Sensitivity,  reciprocal  seconds  for 
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B,  Figure  10-1,  shows  potential-decay  curves  for  these  two  plates. 
These  two  figures  show  measurable  differences  in  the  potential-decay 
characteristics  of  plates  made  from  the  two  samples  of  selenium;  however, 
these  differences  do  not  alter  the  spectral  characteristics  of  plates  to  an 
extent  important  to  the  practical  objectives  of  achieving  panchromatic  re- 
sponse in  plates. 

Potential-decay  studies  for  the  plate  made  from  ultrapure  selenium 
revealed  that  the  residual  potential  remaining  after  exposure  of  the  plate  to 
red  light  is  lower  than  the  residual  potential  remaining  after  exposure  to 
blue  or  to  green  light.  This  is  contrary  to  the  usual  characteristics  shown 
by  plates  made  either  with  ARQ  selenium  or  with  ARQ  selenium  containing 
various  impurities.  Though  of  little  practical  importance,  this  difference 
may  indicate  a different  type  of  trapping  or  space-charge  build-up  in  the 
two  materials  --  possibly  a trapping  of  negative  carriers  in  the  ARQ 
selenium  and  positive  carriers  in  the  ultrapure  selenium. 

It  is  concluded  that  removing  impurities  present  in  ARQ  selenium 
does  not  produce  any  changes  of  practical  significance  in  the  electrical 
characteristics  of  plates  made  from  this  material. 


Selenium- Tellurium  Plates 


Electrophotographic  plates  made  with  a film  of  vitreous  selenium  on 
a metal  backing  plate  ordinarily  are  sensitive  only  to  blue  light.  Some  o 
sensitivity  to  red  light  can  be  introduced  in  such  plates  by  forming  crystals 
of  metallic  selenium  in  the  vitreous  matrix,  but  the  red  sensitivity  obtained 
in  this  way  has  never  exceeded  about  ^0  per  cent  of  the  blue-light  sensitivity 

Adding  tellurium  to  the  vitreous  selenium  produces  profound  changes 
in  the  characteristics  of  the  plates.  Depending  on  the  amount  of  tellurium 
added,  and  on  other  plate-preparation  conditions,  the  absolute  value  of  the 
sensitivity  to  blue  light  may  be  increased  three—  or  fourfold,  and  sensitivity 
to  green,  yellow,  and  red  light  may  be  increased  from  near  zero  for  sele- 
nium to  values  as  great  as  or  greater  than  the  sensitivity  of  selenium 
plates  to  blue  light. 

That  the  presence  of  tellurium  in  selenium  electrophotographic 
plates  could  enhance  their  sensitivity  and  spectral  response  was  demon- 
strated by  Dr.  Paul  Keck  of  the  Signal  Corps  Engineering  Laboratories  in 
1951,  Since  then,  most  of  the  work  at  Battelle  on  electrophotographic 
plates  has  been  aimed  at  determining  how  to  make  the  best  possible  plate 
using  mixtures  of  selenium  and  tellurium,  and  how  to  produce  such  a plate 
consistently. 
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Two  major  difficulties  have  been  encountered  in  this  study:  (1)  slight, 
or  at  least  unobserved,  variations  in  the  techniques  of  preparing  the  plate 
cause  large  changes  in  plate  characteristics,  and  (d)  the  way  in  which  the 
plates  are  used  or  tested  greatly  affects  the  outcome  of  the  test.  Thus, 
techniques  that  would  produce  consistently  good  selenium  plates  will  not 
produce  consistently  good  selenium-tellurium  plates,  and  sensitisation 
-procedures  satisfactory  for  use  with  selenium  plates  may  not  produce  the 
high  light-sensitivity  obtainable  w'ith  selenium-tellurium  , dates  when 
special  high-current  sensitization  procedures  are  used. 

One-Layer  Selenium-Tellurium  Plates.  At  the  beginning  of  this 
year,  many  selenium-tellurium  plates  had  been  made  under  a variety  of 
plate-preparation  conditions.  These  conditions  included  various  con- 
centrations of  tellurium  in  the  selenium  film,  various  temperatures  of 
the  backing  plate  during  deposition  of  the  photosensitive  film,  and  various 
deposition  rates.  In  addition,  several  types  of  laminated  or  layered  plates 
had  been  prepared.  Of  all  the  plates  made,  th  = one  showing  the  highest 
photographic  speed  and  substantially  better  spectral  response  than  any 
other  was  a plate  made  from  a mixture  of  93  per  cent  selenium  and  7 per 
cent  tellurium  deposited  in  90  minutes  on  a brass  plate  maintained  at  79  C. 

Figure  10-2  shows  the  characteristics  of  that  single-layer  selenium- 
tellurium  plate  compared  with  a selenium  plate.  The  selenium-tellurium 
plate  is  about  ten  times  faster  photographically  than  the  selenium  plate;  it 
has  a speed  of  about  ASA  25.  Although  the  dark  decay  of  the  selenium- 
tellurium  plate  is  high,  and  its  residual  potential  is  appreciably  greater 
than  for  the  selenium  plate,  neither  is  particularly  objectionable. 

Because  this  plate  was  far  superior  to  other  plates  made  in  1951, 
work  in  1952  was  started  with  attempts  to  prepare  additional  panchromatic 
plates  using  preparation  conditions  similar  to  those  that  produced  this 
superior  plate.  The  first  work  was  an  attempt  to  reproduce  the  desirable 
characteristics  of  the  one  plate  in  four  additional  plates  prepared  under  the 
same  conditions. 

Table  1 0-1  lists  the  preparation  conditions  for  the  four  plates.  The 
apparatus  was  the  same  as  that  used  to  prepare  the  earlier  panchromatic 
plate.  In  it,  the  brass  plate  to  be  coated  with  the  mixture  of  selenium  and 
tellurium  was  fastened  against  a copper  platen  backed  with  copper  tubing 
through  which  water  at  a constant  temperature  was  passed.  The  tempera- 
ture of  the  brass  backing  plate,  clamped  to  the  platen  with  spring  clips, 
was  measured  with  an  iron-constantan  thermocouple  connected  to  a Leeds 
and  Northrup  portable  potentiometer. 

The  source  used  for  evaporating  the  selenium-tellurium  mixture 
consisted  of  a porcelain  crucible  placed  six  inches  below  the  plate.  The 
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TABLE  10-1.  PREPARATION  CONDITIONS  FOR  FOUR  PLATES  MADE 
WITH  93  PER  CENT  SELENIUM  AND  7 PER  CENT 
TELLURIUM 


Plate 

Deposition 

period, 

minutes 

Backing- 

plate 

temperatures, 

C 

Coating 

thickness, 

microns 

R-  12-12-51-A 

80 

80.  0 

38 

R-12-14-5 1-A 

80 

80.  0 

42 

R- 12-17-5 1-A 

83 

79.  0 

37 

R- 12- 1 8-5 1-A 

84 

80.  5 

38 

crucible  was  filled  with  nine  grams  of  the  premelted  mixture  of  93  per  cent 
ARQ  selenium  and  7 per  cent  chemically  pure  tellurium.  The  rate  of 
evaporation  was  controlled  by  adjusting  the  power  input  to  the  ceramic- 
covered  heating  element  in  which  the  crucible  was  placed.  The  source 
temperature  was  measured  with  a thermocouple  placed  between  the  crucible 
and  the  heater.  Under  these  conditions,  a film  about  40  microns  thick  was 
obtained. 

The  selenium-tellurium  mixture,  designated  as  Batch  4,  was  pre- 
melted in  a Pyrex  distillation  flask  which  had  been  sealed  from  the  atmos- 
phere but  had  not  been  evacuated.  In  this  flask,  a 200-gram  charge  was 
heated  and  thoroughly  mixed  for  one  hour  at  approximately  500  C. 

Figure  10-3  shows  the  spectral  sensitivities  of  these  plates,  and 
their  potential-decay  curves  when  exposed  to  light  of  400-millimicron 
wavelength.  Only  a part  of  the  spectral  sensitivity  curve  for  Plate  R-12- 
18-15-A  is  shown  because  of  the  obscuring  effect  of  high  residual  potential. 
Sensitivity  measurements  could  not  be  made  on  Plate  R-I2-17-5I-A  be- 
cause of  its  high  dark-decay  rate.  Dark-decay  halftimes  for  the  four 
plates  were  as  follows:  R-12-12-51-A,  29  seconds;  R-12-14-51-A,  92 
seconds;  R-12-17-51-A,  5 seconds;  and  R-12-18-51-A,  31  seconds.  These 
plates  were  tested  using  the  older,  low-current  sensitising  conditions. 

The  variation  in  the  dark-decay  halftimes  and  the  residual  potentials 
was  evidence  that  the  conditions  of  plate  preparation  were  not  being  well 
controlled.  Although  this  conclusion  is  probably  correct,  work  during  the 
rest  of  the  year,  directed  in  large  measure  in  attempting  to  isolate  and 
control  the  variables  involved,  has  not  greatly  improved  the  reproducibility 
of  the  one-layer  selenium-tellurium  plates.  This  work  is  described  in 
detail  in  the  Seventh,  Eight,  and  Ninth  Quarterly  Progress  Reports  on  this 
project.  The  results  are  summarized  here. 
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One  of  the  variables  that  might  be  controlled  more  «.  losely  is  the 
degree  of  uniformity  of  the  selenium-tellurium  mixture  used  in  preparing 
the  plates.  Originally,  this  mixture  was  prepared  simply  by  mixing  the 
selenium  and  tellurium  in  an  open  crucible  heated  over  a hot  plate.  This 
procedure  was  refined  by  carrying  out  the  mixing  in  a sealed,  and  later  in 
an  evacuated  flask,  and  by  extending  the  mixing  time  to  as  much  as  eight 
hours,  during  which  time  the  temperature  of  the  flask  was  maintained  at  a 
temperature  higher  than  the  melting  points  of  both  selenium  and  tellurium. 
These  precautions  did  not  yield  a noticeable  improvement  in  the  uniformity 
of  the  plates  produced. 


The  control  and  measurement  of  the  temperature  of  the  brass  backing 
plate  and  of  the  evaporator  were  improved  by  making  the  following  changes: 


(1)  In  one  vacuum  system,  a water-contact  platen  was  installed, 
in  which  the  temperature-controlled  water  flowed  directly 
against  the  back  of  the  plate,  so  that  thermal  contact  was 
good.  The  temperature  of  the  plate  was  considered  to  be 
the  temperature  of  the  water  in  the  platen  chamber. 


(2)  In  another  vacuum  system,  use  was  made  of  the  conventional 
platen  in  which  temperature-controlled  water  circulated 
through  a copper  block  to  which  the  backing  plate  was  clamped. 
The  temperature  of  the  plate  was  measured  carefully  by 
pressing  a thermocouple  against  the  back  of  the  plate*  The 
hot  junction  of  this  thermocouple  was  immersed  in  vacuum 
grease  that  touched  only  the  plate  and  not  the  platen. 


(3)  The  constant-temperature  water  supply  was  improved  by 
using  immersion  heaters  with  a low  thermal  capacity,  so 
connected  to  a thermostat  that  only  a small  fraction  of  the 
heater  current  was  controlled  by  the  thermostat. 


<«) 


<5) 


The  temperatures  were  measured  using  calibrated  copper- 
constantan  thermocouples  and  a Leeds  and  Northrup  semi- 
precision potentiometer,  an  arrangement  easily  capable  of 
reading  temperatures  to  closer  than  0.  1 C, 


The  evaporator  was  changed  from  the  porcelain  crucible 
used  originally  to  a sheet-molybdenum  boat  shaped  to  have 
about  the  same  form  as  the  porcelain  crucible.  The  molyb- 
denum boat  was  heated  simply  by  passing  current  through  it. 
Its  temperature  could  be  controlled  much  more  easily  and 
rapidly  than  that  of  the  porcelain  crucible  heated  partly  by 
contact  and  partly  by  radiation.  The  temperature  of  the  boat  * 
was  measured  using  a Chromel-Alumel  thermocouple  either 
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welded  to  the  boat  or  immersed  in  the  melt  in  a thin 
walled,  Pyrex  capillary  tube.  The  thermocouple  was 
connected  to  a potentiometer  recorder. 

These  improved  methods  of  controlling  and  measuring  temperatures 
of  the  backing  plate  and  the  evaporation  sources  did  not  appreciably  im- 
prove uniformity  of  the  electrical  characteristics  of  the  selenium- 
tellurium  plates  produced. 

As  with  any  vacuum-deposition  process,  there  are  a number  of  plate- 
preparation  conditions  that  are  more  difficult  to  control  than  simple  vari- 
ables like  temperature.  For  instance,  the  true  gas  pressure  in  the  vacuum 
chamber,  or  the  presence  of  condensable  vapors  in  the  chamber,  cannot  be 
determined  easily.  Other  conditions  which  may  be  difficult  to  control  are 
the  treatment  given  the  surface  of  the  backing  plate  before  it  is  placed  in 
the  vacuum  system,  and  the  time  the  plate  is  in  the  vacuum  system  before 
a sufficiently  low  pressure  is  reached  to  begin  evaporation.  The  possibility 
that  such  variables  might  be  the  cause  of  uncontrolled  electrical  character- 
istics has  been  checked  in  some  cases  by  changing  a part  of  the  treatment 
radically  and  then  observing  changes  in  electrical  characteristics.  No 
correlation  of  this  type  was  observed. 

Finally,  variables  such  as  deposition  rate,  postevaporation  heat 
treatment,  and  backing-plate  temperature,  all  of  which  had  been  investi- 
gated previously,  were  rechecked.  Although  not  enough  work  was  done  to 
establish  definitely  the  importance  of  these  variables  in  determining  the 
electrical  characteristics  of  selenium-tellurium  plates,  they  now  appear 
to  be  of  less  import  than  the  concentration  of  tellurium  in  the  plate,  or,  more 
particularly,  the  tellurium  concentration  in  the  portion  of  the  selenium 
film  near  the  exposed  surface  of  the  film. 

Work  on  deposition  rate  involved  two  approaches;  first#  establishing 
a means  for  measuring  and  controlling  the  rate  of  deposition;  and  second, 
determining  the  effect  on  panchromaticity  of  high  rates  of  deposition  of  the 
selenium-tellurium  mixture. 

To  measure  and  control  the  rate  of  deposition,  an  auxiliary  device 
was  installed  in  the  vacuum  system  to  indicate  the  rate  at  which  the 
selenium-tellurium  mixture  evaporated.  This  device  consists  of  an  ar- 
rangement for  advancing  a special  metal  plate  past  an  opening  in  a shield 
exposed  to  the  selenium  vapor.  Mounted  to  one  side  of  the  regular  metal 
plate  being  coated,  and  advanced  once  every  ten  minutes  during  evaporation, 
the  special  plate  becomes  covered  with  spots  of  selenium.  The  thicknesses 
of  these  spots  are  a measure  of  the  amount  of  selenium-tellurium  mixture 
deposited  during  the  successive  ten-minute  intervals,  providing  a means 
for  calculating  the  rate  of  deposition. 
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Twelve  plates  were  made  with  the  temperature  of  the  boat  maintained 
at  260  C.  At  this  temperature,  nine  grams  of  the  selenium-tellurium  mix- 
ture evaporated  in  about  80  minutes.  The  backing  plate  was  held  at  80  C, 
and  one  hour  was  used  in  cooling  the  plate  to  room  temperature.  The 
resultant  films  were  about  47  microns  thick. 

Twelve  plates  produced  using  this  arrangement  show  that  maintaining 
the  crucible  at  a constant  temperature  during  successive  runs  will  not 
insure  a constant  rate  of  deposition  of  the  selenium-tellurium  mixture. 

The  deposition  rate  varied  as  much  as  20  per  cent  from  one  plate  to  the 
next. 


Although  most  of  the  electrical  characteristics  of  the  plates  made 
during  this  test  varied  considerably,  the  residual  potentials  of  all  of  the 
plates  were  30  volts  or  less.  Dark-decay  rates  tended  to  increase  with 
increasing  panchromatic  response,  as  expected.  The  long-wavelength 
cutoffs  varied  from  600  to  700  millimicrons,  and  the  maximum  sensitivities 
varied  from  0.  3 to  0.  9. 


For  investigating  the  effect  of  high  rates  of  deposition  on  the  pan- 
chromaticity  of  selenium-tellurium  plates,  the  backing  plates  were 
maintained  at  temperatures  between  82  C and  83  C and  all  of  the  selenium- 
tellurium  mixture  was  evaporated  from  the  molybdenum  boat  in  15  to  20 
minutes.  Plates  removed  soon  after  the  completion  of  evaporation  had 
long-wavelength  cutoffs  at  about  600  millimicrons.  Plates  given  a heat 
treatment  by  leaving  them  on  the  platen  maintained  at  82  C to  83  C for  as 
long  as  30  minutes  after  completion  of  the  evaporation  cycle,  then  cooling 
them  to  room  temperature  within  two  minutes,  showed  a slight  increase  in 
panchromatic ity;  the  cutoffs  of  these  plates  were  about  650  millimicrons. 


Greatest  variations  from  plate  to  plate  were  observed  in  the  dark- 
decay  rates  and  in  the  residual  potentials.  Variations  in  dark-decay  rates 
seemed  to  be  completely  random,  but  variation  in  residual  potentials 
seemed  to  occur  in  cycles.  Thus,  residual  potentials  would  be  low  for  a 
week  followed  by  several  weeks  when  all  plates  made  would  have  high 
residual  potentials,  © 


During  part  of  the  last  work  on  single-layer  selenium-tellurium 
plates,  residual  potentials  were  as  high  as  800  volts.  These  plates  had  a 
correspondingly  low  sensitivity  to  light.  However,  when  these  plates  were 
charged  to  a negative  potential,  they  did  not  exhibit  this  same  high  residual 
but  they  did  show  a relatively  high  panchromatic  response  to  light.  Both 
dark-decay  rates  and  resid"al  potentials  changed  over  a period  of  time, 
the  more  usual  effect  being  .or  the  dark-decay  to  become  slower,  and  the 
residual  potential  lower.  Such  changes  were  most  noticeable  in  the  first 
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In  general,  as  long  as  variation  occurs  in  the  electrical  characteristics 
of  plates  made  under  presumably  identical  conditions,  the  true  role  of  the 
plate-preparation  variables  can  be  determined  only  after  much  work.  In 
a number  of  past  exper:  nents,  all  preparation  conditions  but  one  were 
held  as  constant  as  pos  ile^  and  the  variation  in  electrical  characteristics 
of  the  plate  were  attributed  to  that  one  varied  condition.  The  significance 
of  the  conclusions  drawn  from  such  experiments  is  questionable,  because 
the  observed  variation  in  plate  characteristics  could  have  occurred  even 
if  no  preparation  condition  were  intentionally  varied.  For  this  reason, 
much  of  the  work  in  the  past  has  been  empirical,  in  hopes  of  establishing 
practical  conditions  for  preparing  plates  whose  electrical  characteristics 
would  be  closely  reproduced  from  one  plate  to  the  next,  rather  than  fol- 
lowing a more  systematic  study  of  the  dependence  of  electrical  character- 
istics on  each  recognized  variable  in  making  plates.  For  the  same  reason, 
only  the  following  conclusions  are  tenable  at  the  present  time: 

1.  Plates  made  by  evaporating  mixtures  of  90  to  95  per  cent 
selenium  and  10  to  5 per  cent  tellurium  onto  brass  plates 
maintained  at  temperatures  in  the  range  of  70  C to  80  C, 
generally  show  an  increased  blue  sensitivity  and  an  ex- 
tended spectral  response  compared  with  ARQ-selenium 
plates. 

2.  Single-layer  selenium-tellurium  plates  may  have  a photo- 
graphic speed  ranging  from  two  to  15  times  faster  than 
plates  made  with  ARQ-grade  selenium  alone.  Figure  10-2 
compared  a typical  single-layer  plate  containing  tellurium 
with  a plate  made  with  ARQ  selenium.  In  this  case,  the 
selenium-tellurium  plate  was  ten  times  faster  photographi- 
cally than  the  selenium  plate. 

3.  The  dependence  of  the  electrical  characteristics  of  single- 
layer  selenium-tellurium  plates  on  plate-preparation 
conditions  is  not  clear.  A yet  unidentified  and  inadequately 
controlled  variable  has  obscured  the  results  of  experiments 
designed  to  determine  this  dependence.  There  are  indi- 
cations that  the  concentration  of  the  tellurium  is  the  most 
important  variable,  with  temperature  of  the  backing  plate, 
rate  of  deposition  of  the  mixture,  and  postevaporation  heat 
treatment  being  less  significant. 

Two-Layer  Selenium-Tellurium  Plates.  Work  on  two-layer  selenium- 
tellurium  plates  has  been  considerably  more  encouraging  than  work  on  one- 
layer  plates.  Two-layer  plates  have  been  made  having  17  times  the 
sensitivity  of  an  ARQ-selenium  plate,  being  roughly  equivalent  to  an  ASA 
speed  of  40  to  50,  daylight.  Two-layer  plates  have  consistently  lower 
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residual  potentials  than  one-layer  plates,  and  can  be  made  more  consist- 
ently with  desirable  characteristics. 

Two-layer  plates  are  formed  by  first  depositing  a layer  of  selenium 
on  a brass  backing  plate,  and  then  depositing  a layer  of  a mixture  of 
selenium  and  tellurium.  The  two  layers  may  be  deposited  at  different 
temperatures  of  the  backing  plate  and  at  different  deposition  rates. 
Usually,  the  under  layer  of  selenium  accounts  for  the  bulk  of  the  film,  the 
top  layer  of  the  selenium-tellurium  mixture  accounting  for  20  per  cent  or 
less  of  the  total  film  thickness. 


i 

* • 

;? 


Two-layer  plates  have  a number  of  possible  advantages.  For 
example,  if  residual  potentials  indicate  space  charge  resulting  from  a 
short  range  of  carriers  in  selenium-tellurium  films,  then  substituting 
selenium,  in  which  carriers  have  long  ranges,  for  the  bulk  of  the  selenium- 
tellurium  layer  should  reduce  the  residual  potential.  Or,  if  the  dark  decay 
is  the  result  of  thermally  produced  carriers  throughout  the  bulk  of  the 
selenium-tellurium  layer,  then  reducing  that  bulk  by  substituting  selenium 
should  reduce  dark-decay  rates.  Recent  work  on  two-layer  plates  indicates 
that  these  advantages  can  be  realized,  at  least  i:.  part. 

Work  carried  out  recently  on  the  preparation  of  two-layer  plates  used 
the  same  molybdenum  boat  as  the  source  for  both  the  selenium  and  the 
selenium-tellurium  mixture.  The  selenium  was  placed  in  the  boat  before 
the  system  was  closed,  and  then,  as  soon  as  it  was  evaporated  completely, 
and  without  breaking  the  vacuum,  the  selenium-tellurium  mixture  was 
dumped  into  the  same  boat.  The  backing  plate  to  be  coated  was  clamped  to 
a copper  platen  about  six  inches  above  the  boat,  and  the  under  layer  of 
selenium  was  deposited  in  about  ten  minutes. 

One  series  of  experiments  was  carried  out  to  learn  how  the  con- 
centration of  the  tellurium  in  the  outer  layer  affects  the  electrical  charac- 
teristics of  the  two-layer  plates.  The  fixed  conditions  chosen  for  this 
experiment  were:  (1)  total  plate  thickness,  60  microns;  (2)  thickness  of 
outer  layer,  ten  per  cent  of  the  total  thickness,  or  six  microns;  (3)  tem- 
perature of  backing  plate,  81  C;  (4)  deposition  time  for  selenium  layer,  10 
minutes;  (5)  deposition  time  for  the  top  layer,  six  minutes;  and  (6)  heat- 
treatment  time  after  deposition  is  completed,  two  minutes  to  cool  plate  to 
room  temperature.  The  variable  under  study  was  the  tellurium  con- 
centration in  the  outer  layer. 


Figure  10-4  shows  the  spectral  sensitivities  of  the  plates  made  in  this 
series.  The  plate  made  with  20  per  cent  tellurium  in  the  outer  layer  has  a 
very  high  sensitivity,  and  plates  made  with  lesser  amounts  of  tellurium 
have  less  sensitivity.  The  plate  made  with  20  per  cent  tellurium  has  a 
nhotoaranhic  speed  17  times  that  of  a selenium  Dlate. 


Sensitivity,  reciprocal  seconds  for  plate  potential 
to  drop  from  200  to  100  volts  on  plate  exposed 
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FIGURE  10-4.  SPECTRAL  SENSITIVITY  OF  TWO-LAYER  SELENIUM- 

TELLURIUM  PLATES  HAVING  VARIOUS  CONCENTRATIONS 
OF  TELLURIUM  IN  TOP  LAYER 
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Table  10-2  lists  the  dark-decay  halftimes  and  residual  potentials  for 
these  seven  two-layer  plates.  It  is  evident  that  the  dark-decay  halftime 
decreases  as  the  tellurium  content  is  greater,  but  the  relationship  is  not  a 
simple  one. 

TABLE  10-2.  DARK-DECAY  HALFTIMES  AND  RESIDUAL 
POTENTIALS  FOR  TWO-LAYER  PLATES 


Plate 

Tellurium 
concentration 
in  top  layer, 
per  cent 

Dark-decay 

halftime, 

seconds 

Residual 

potential 

volts 

R- 10-1 0-52-D 

7 

630 

15 

R- 10- 16-52-A 

8 

480 

12 

R- 10- 16-52-B 

10 

138 

12 

R-10-2 1-52-C 

12.5 

94 

45 

R-10-17-52-A 

15 

85 

15 

R-  10-30-52-A 

17.  5 

23 

90 

R- 10- 1 3-52-A 

20 

12 

12 

The  residual  potentials  are  between  12  and  IS  volts,  except  for  two 

plates.  These  two  plates  are  ones  that  fall  "out  of  line"  by  having  un- 
expectedly low  absolute  sensitivity.  From  the  spectral-sensitivity  curves 
plotted  in  Figure  10-4,  the  plate  containing  17.  5 per  cent  tellurium  in  the 
top  layer  should  have  a considerably  higher  sensitivity  than  is  shown.  The 
plate  with  12.  5 per  cent  tellurium  also  should  have  somewhat  higher 
sensitivity. 


Figure  10-5  shows  how  the  panchromaticity  of  this  series  of  plates 
varies  with  the  concentration  of  tellurium  in  ‘the  top  -Shyer  of  the  plate,  la 
this  graph,  panchromaticity  is  measured  by  the  wavelength  at  which  the 
o sensitivity  drops  to  one  fifth  its  maximum  value.  This  measure  of  pan- 
chromaticity was  chosen  instead  of,  say,  the  long-wavelength  cutoff,  to 
minimize  the  effect  of  varying  dark-decay  rates  or  varying  residual  po- 
tentials. In  addition,  this  measure  of  panchromaticity  is  a more  practical 
measure  of  the  usefulness  of  a plate  in  photographing  colored  objects. 


fifetP 


Another  series  of  plates  was  made  in  which  the  tellurium  con- 
centration was  held  at  ten  per  cent,  and  other  plate-preparation  conditions 
were  held  constant  at  the  same  values  as  before,  except  for  the  length  of 
time  to  layer.  This  time  was  varied  from  1. 5 minutes  to 

75  minutes.  No  correlation  was  observed  between  any  of  the  electrical 

'deposition  time,  although  electrical  characteristics 
rnt&jid  considerably  &e  maximum  sensitivity  varying  from  0,  38  to  0,  92, 
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and  the  wavelength  for  a sensitivity  equal  to  one  fifth  the  maximum 
sensitivity  varying  from  585  and  640  millimicrons.  No  conclusions  were 
drawn  on  the  basis  of  this  series  of  plates. 

Another  series  of  27  plates  was  prepared  in  which  both  the  tempera- 
ture of  the  backing  plate  and  the  rate  of  deposition  of  the  outer  layer  were 
varied.  A mixture  containing  20  per  cent  tellurium  was  used,  but  the  ,, 
thickness  of  the  outer  layer  was  reduced  to  about  five  per  cent  of  the  total 
thickness,  or  to  about  three  microns.  Backing-plate  temperatures  of  60  C, 
70  C,  and  80  C,  and  evaporation  rates  for  the  outer  layer  of  1/6,  1/20, 
and  1/60  gram  per  minute  were  used  at  each  backing-plate  temperature. 
Three  plates  were  made  at  each  of  the  nine  conditions.  These  plates  were 
made  in  a random  order. 


The  results  of  this  experiment  were: 


h .» 

$-V 


1.  Maximum  sensitivity  of  the  plates  fell  within  15  per  cent 

of  a constant  value  of  approximately  1.  0,  with  the  exception 
of  three  plates  that  had  roughly  half  that  value.  No  cor- 
relation appeared  between  these  maximum- sensitivity 
values  and  either  the  temperature  or  the  rate  of  deposition. 

• 2.  Panchromaticity,  as  measured  by  the  wavelength  at  which 
the  sensitivity  dropped to  one-fifth  its  maximum  value, 
showed  essentially  no  variation  with  backing-plate  tempera- 
ture, but  was  a little  greater  for  plates  prepared  using  an 
average  evaporation  rate  of  about  1/20  gram  per  minute 
than  for  those  using  a rate  of  1/6  gram  or  1/60  gram  per 
minute.  For  instance,  the  average  cutoff  wavelength  for 
the  plates  prepared  using  an  average  evaporation  rate  of 
l/j&O  graft*  per  minute  was  about  685  millimicrons,  while 
those  for  evaporation  rates  of  1/6  gram  and  of  1/60  gram 
per  minute  were  640  and  660  millimicrons,  respectively. 

3.  Dark-decay  rates  varied  widely  and  did  not  correlate  either 
with  backing-plate  temperature  or  deposition  rate. 


4.  All  residual  potentials,  except  for  one  plate,  were  below  50 
volts.  The  residual  potential  of  plates  made  at  70  C averaged 
a few  volts  lower  than  for  plates  made  at  60  or  80  C,  regard- 
less of  the  evaporation  rate. 


These  data 
noted  above  are 
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the  backing  plate  may  vary  widely  without  greatly  affecting  the  character- 
istics of  the  plates.  In  addition,  variations  in  the  deposition  rate  have 
comparatively  little  effect  on  plate  characteristics. 

c o 

Since  more  reproducible  results  are  obtainable  with  two-layer 

selenium-tellurium  plates  than  with  the  one-layer  plates,  a series  of  two- 
layer  plates  was  prepared  for  use  in  the  rapid-processing  camera  de- 
scribed later  in  this  report.  The  preparation  conditions  used  were  the 
same  as  those  described  earlier  in  this  section,  except  that  the  vacuum 
system  was  modified  for  preparing  a photoconductive  surface  with  an  area 
of  four  inches  by  five  inches.  The  modifications  involved  the  installation 
of  a water-contact  platen  to  accommodate  backing  plates  five  inches  by 
seven  inches,  increasing  the  distance  between  the  boat  source  and  the 
platen  to  nine  inches,  and  increasing  the  amount  of  selenium  and  selenium- 
tellurium  mixture  evaporated  from  the  boat  to  a total  of  25  grams.  The 
plates  prepared  had  photoconductive  films  about  50  microns  thick,  with  the 
outer  selenium-tellurium  layer  being  about  two  per  cent  of  the  total  thick- 
ness. Temperature  of  the  base  plate  during  evaporation  was  80  C.  The 
outer  layer  contained  20  per  cent  tellurium. 

Table  10-3  is  a summary  of  the  electrical  characteristics  of  the 
eleven  plates  made  under  these  conditions.  Variations  in  the  maximum 
sensitivity  are  greater  in  this  series  than  in  the  series  of  plates  made  to 
investigate  the  effect  of  deposition  rate  and  of  the  temperature  of  the  back- 
ing plate.  On  the  other  hand,  variations  in  panchromaticity  are  less  for 
this  series,  although  one  of  the  plates,  11-12-52-C,  shows  a particularly 
poor  response.  Variations  in  photographic  speed  are  considerable,  the 
speeds  for  various  plates  ranging  from  3.  6 to  8.  9 times  that  of  ARQ- 
selenium  plates,  comparable  to  a range  of  from  ASA  8 or  10  to  ASA  20  to 
25. 


An  interesting  variation  occurred  in  the  dark-decay  rates.  All 
plates  measured  within  two  days  after  preparation  showed  more  rapid 
decay  rates  than  plates  measured  ten  days  later. 


Microscopic  Examination  of  Electrophotographic  Plates 

Most  testing  of  electrophotographic  plates  has  consisted  of  measuring 
the  electrical  potential  on  plates  under  conditions  similar  to  those  under 
which  the  plate  is  used.  Such  procedures  have  the  practical  advantage  that 
the  results  can  be  translated  directly  into  a practical  evaluation  of  the 
plate.  However,  other  testing  techniques  that  appear  particularly  useful 
without  involving  great  experimental  difficulty  are:  microscopic  exami- 
nation of  the  structure  of  the  selenium  films;  measurement  of  the  optical 
characteristics  of  the  films;  and  measurement  of  the  electrical  current 
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TABLE  10-3.  CHARACTERISTICS  OF  TWO-LAYER  SELENIUM-TELLURIUM  PLATES 
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passing  through  the  films  as  a function  of  potential,  time,  and  intensities  of 
illumination  at  various  wavelengths. 

During  the  past  year,  selenium  films  have  been  examined  under  a 
microscope.  These  examinations  were  of  an  exploratory  nature  to  find  out 
what  differences  the  microscope  could  show  between  various  types  of 
selenium  films.  For  microscopic  examination,  a small  flake  of  selenium 

O 

was  chipped  from  the  plate  and  examined  both  by  transmitted  light  and  by 
vertical  illumination,  using,  for  the  most  part,  a 97-power,  1.25-numerical- 
aperture  oil-immersion  achromat  and  a ten-power  ocular.  Since  selenium 
films  generally  have  low  transmittance  in  the  far  red,  a carbon-arc  lamp 
was  used  with  a variable-focus  substage  con  enser  to  provide  intense  il- 
lumination when  examining  the  films  by  transmitted  light.  , 

When  viewed  by  transmitted  light,  plates  prepared  as  long  as  a year 
ago  from  ARQ  selenium  at  backing-plate  temperatures  below  70  C showed 
no  apparent  structure  ar  d had  a clear  red  color.  Similar  plates  prepared 
at  about  80  C,  and  having  a secondary  response  peak  in  the  red,  showed 
circular  dark  spots  about  four  microns  in  diameter,  presumably  crystal- 
lites of  hexagonal  selenium.  Because  the  matrix  surrounding  these 
crystallites  was  also  relatively  clear,  it  was  possible  to  locate  the  position 
of  the  crystallites  approximately  by  focusing  through  the  film.  All  crystal- 
lites occurred  near  the  interface  of  the  brass  and  the  selenium. 

Plates  prepared  from  selenium  containing  various  amounts  of  tel- 
lurium had  matrices  of  higher  optical  density  than  that  of  pure  selenium. 

In  this  case,  the  circular  crystallites  could  be  detected0 only  where  the 
film  had  fractured  fortuitously  in  a tapered  edge.  At  such  edges,  the  film 
was  transparent  enough  to  see  crystallites  near  the  interface  between  the 
brass  and  the  selenium-tellurium  film,  but  not  elsewhere  in  the  film. 

Plates  made  with  a layer  of  selenium-tellurium  mixture  over  a layer 
of  selenium  generally  were  too  opaque  to  bt  studied  by  transmitted  light 
through  the  entire  thickness  of  the  films.  However,  at  tapered  edges,  the 
selenium  layers  were  relatively  transparent  as  compared  with  layers  con- 
taining tellurium.  Layered  plates  showed  crystallites  at  the  interface 
between  the  selenium  film  and  the  brass  backing  plate,  as  well  as  some 
other  crystallites  apparently  located  near  the  interface  of  the  selenium  and 
the  selenium-tellurium  mixture. 

Examination  of  selenium  chips  under  vertical  illumination  showed 
practically  no  structure  at  the  top  surfaces  of  the  films.  Lower  surfaces, 
which  were  good  replicas  of  the  brass  backing  plates,  showed  many  fine 
polishing  scratches. 

A number  of  solvents  for  selenium  were  tested  as  etchants  to  reveal 
structure.  Two  solvents,  carbon  disulfide,  and  a dilute  solution  of  less 
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then  one  per  cent  of  potassium  sulfite  in  water,  were  found  useful.  Sele- 
nium chips  treated  in  these  etchants  for  about  five  minutes  showed  a 
definite,  irregular,  rough  top  surface.  At  the  lower  surface,  the  etchants 
attacked  part  of  the  surface  but  left  unchanged  circular  areas  which  cor- 
responded to  the  circular  dark  spots,  or  crystallites,  observed  by  trans- 
mitted light.  The  unetched  circular  areas  were  all  of  approximately  the 
same  size  on  a given  specimen.  On  chips  from  a film  of  ARQ  selenium, 
etching  revealed  no  more  dark  spots  than  were  revealed  by  transmitted 
light  and  vertical  illumination. 

Figure  10-6. shows  two  photomicrographs  of  an  interface  surface  of 
a chip  of  ARQ  selenium  removed  from  a plate.  One  was  viewed  by  trans- 
mitted light;  the  other  is  the  same  area  etched  with  carbon  disulfide  and 
viewed  with  vertical  illumination. 

As  a different  technique  for  examining  electrophotographic  plates 
using  vertical  illumination,  chips  of  selenium  were  mounted  edge  up,  and 
the  fractured  surface  was  examined.  Vitreous  selenium  showed  the  same 
conchoidal  fracture  pattern  that  characterizes  the  fracture  of  glass.  How- 
ever, any  crystals  present  in  the  film  will  show  up  as  interruptions  in  the 
smooth  lines  of  the  conchoidal  fracture  pattern  or  as  small  circular  dark 
areas.  In  most  samples  examined  to  date,  most  of  the  crystals  appear  at 
the  interface  between  the  selenium  and  the  brass.  In  a few  cases,  notably 
the  two-layer  plates,  some  dark  spots — presumably  crystallites— have  been 
observed  distributed  throughout  the  film.  In  some  multilayer  plates,  layers 
containing  high  concentrations  of  tellurium  can  be  distinquished  from  ad- 
jacent selenium  layers  because  of  slight  differences  in  reflectivity. 

Some  high-sensitivity  panchromatic  plates  show  no  crystallinity  any- 
where in  the  film.  Here,  the  development  of  crystals  apparently  is  not  a 
factor  in  producing  a high-sensitivity  panchromatic  response.  A different 
mechanism  must  be  active  here  than  is  the  case  with  red-sensitive  sele- 
nium plates,  where, cin  every  case  examined,  red  sensitivity  was  ac- 
companied by  a definite  crystallinity  at  the  interface  of  the  selenium  and 
the  brass.  As  mentioned  previously,  the  crystallites  observed  in  most 
selenium  or  selenium-tellurium  films  are  located  very  near  the  interface 
between  the  film  and  the  brass.  This  suggests  that  a foreign  material  or 
discontinuity  of  some  type  is  necessary  for  the  formation  of  the  nuclei 
about  which  the  crystallites  grow.  This  idea  is  supported  by  the  observation 
that  the  crystallites  sometimes  appear  to  be  concentrated  along  the  more 
prominent  scratches  in  the  brass  plate,  where  there  might  be  a greater 
amount  of  foreign  material,  or  a more  pronounced  discontinuity. 

The  fact  that  the  crystallites  of  a given  plate  are  all  about  the  same' 
size  suggests  that  all  of  the  nuclei  were  formed  at  about  the  same  time. 

The  only  likely  time  for  such  nucleation  is  at  the  beginning  of  deposition  of 
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that  the  crystallites  sometimes  appear  to  be  concentrated  along  the  more 
prominent  scratches  in  the  brass  plate,  where  there  might  be  a greater 
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the  selenium.  Several  mechanisms  could  account  for  a large  amount  of 
nucleaction  at  this  time  and  little  or  no  nucleation  later.  A volatile  impurity 
present  with  the  original  selenium  might  be  required  for  nucleation,  or 
nuclei  might  form  only  when  the  rate  of  deposition  of  the  selenium  is 
relatively  low  and  the  depositing  molecules  of  selenium  may  have  a mobility 
which  is  absent  in  molecules  depositing  at  a faster  rate.  However,  no 
matter  what  the  mechanism  for  the  formation  of  nuclei,  it  appears  that  a 
critical  part  of  the  deposition  of  selenium  is  the  laying  down  of  the  first 
thin  film  on  the  metal  backing  plate. 


Effect  of  Sensitization  on  Electrical  Characteristics  of  Selenium- 
Tellurium  Plates 

The  electrical  characteristics  of  selenium-tellurium  plates  depend 
more  on  the  way  the  plates  are  charged  than  do  the  characteristics  of  plates 
coated  only  with  selenium.  In  addition,  the  effect  of  different  charging 
conditions  varies  from  plate  to  plate. 

Electrical  measurements  are  made  on  all  experimental  plates  by 
recording,  as  a function  of  time,  the  positive  potential  on  the  surface  of 
• the  plate  in  darkness,  and  as  the  plate  is  exposed  to  light  of  various  wave- 
lengths. Such  sensitivity  measurements  are  made  at  eight  or  ten  wave- 
lengths throughout  the  visible  spectrum. 

The  electrical  potential  on  the  surface  of  selenium  plates  decreases 
slowly  in  darkness,  indicating  that  the  selenium  film  exhibits  an  apparent 
resistivity  as  high  as  10*6  ohm-centimetersO).  Dark-decay  rates  for 
typical  one-layer  and  two-layer  selenium-tellurium  plates  are  rapid, 
showing  apparent  resistivities  as  low  as  10^  ohm-centimeters.  These 
dark-decay  curves  frequently  appear  to  consist  of  two  distinct  parts:  an 
initial,  relatively  rapid  decay,  and  a slower,  residual  decay. 

Figure  10-7  shows  a series  of  dark-decay  curves  made  on  the  one- 
layer  selenium-tellurium  plate  identified  as  R-4-24-52-A.  These  curves 
show  the  two-slope  form  characteristic  of  many  dark-decay  curves.  These 
curves  also  show  the  effect  of  repeated  charging  on  the  plate.  In  this  case, 
the  plate  was  charged  several  times  at  five-minute  intervals.  During  this 
treatment,  the  dark-decay  curves  changed  progressively  until  they  reached 
a final,  stable  form.  This  treatment  reduced  the  decay  rates  in  both  the 
early  and  the  later  portion  of  the  curve.  This  same  general  effect  appears 


(1)  The  average  apparent  resistivity  of  selenium  films  during  the  measuring  period  may  be  obuincd  from 
potential-decay  measurements  by  applying  the  following  formula; 

p ■ 2. 58  t * 1012, 

where  £ is  the  resistivity  in  ohm-centimeters,  and  £ is  the  time  in  seconds  for  the  potential  to  fall  to 
one -half  its  original  value.  This  formula  assumes  a dielectric  constant  for  selenium  of  6. 31. 
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with  most  selenium-tellurium  plates,  although  it  is  usually  not  so  pro- 
nounced as  for  this  particular  plate. 


Time,  seconds 


FIGURE  10-7.  CHANGE  IN  0ARK-0ECAY  CHARACTERISTICS  OF 
ONE -LAYER  SELENIUM -TELLURIUM  PLATE 
R-4-25-52-A  WITH  SUCCESSIVE  CHARGINGS 
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Varying  the  amount  of  electrical  current  flowing  to  the  plate  during 
charging  has  an  effect  somewhat  similar  to  varying  the  time  of  charging. 
Larger  currents  generally  produce  higher  plate  potentials  and  slower 
initial  dark-decay  rates,  without  much  effect  on  residual  dark-decay  rates. 
However,  in  many  cases  the  potential  at  which  this  residual  decay  be- 
comes predominant  seems  to  vary  with  the  charging  current. 

Figure  10-8  shows  the  effect  of  various  charging  currents  on  the 
dark-decay  characteristics  of  the  one-layer  selenium-tellurium  plate  7-11- 
52-A.  In  this  case,  the  charging  current  was  varied  by  adjusting  the 
potential  applied  to  the  grid  of  the  scorona  charging  unit  while  maintaining 
the  current  in  the  corona  discharge  at  a constant  value  of  100  microamperes. 
The  characteristics  of  this  plate  are  not  so  representative  of  the  average 
panchromatic  plate  as  might  be  desired,  as  it  decays  in  the  dark  at  a 
slower  rate  than  average.  Plates  with  faster  decay  rates  show  similar 
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FIGURE  10-8.  EFFECT  OF  DIFFERENT  GRID  POTENTIALS  AND 

CHARGING  TIMES  ON  DARK-DECAY  CHARACTERISTICS 

OF  ONE -LAYER  SELENIUM-TELLURIUM  PLATE  7-II-52-A 
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characteristics,  except  that,  with  lower  charging  currents,  the  initial 
dark  decay  may  be  so  rapid  that  it  cannot  be  recorded. 

The  effect  of  various  charging  conditions  on  the  light  sensitivity  of 
panchromatic  selenium-tellurium  plates,  both  one  layer  and  two  layer,  »is 
not  well  understood.  However,  the  following  tentative  conclusions  appear 
to  hold  for  these  plates: 

1.  Light-decay  curves  have  residual  portions  similar  to 
those  of  dark-decay  curves,  and  located  at  about  the 
same  potential.  Repeated  or  continued  charging  does 
not  raise  this  potential,  as  had  been  believed  previously. 

2.  Initial  light-decay  rate  is  independent  of  charging  con- 
ditions, providing  the  potential  is  greater  than  the  po- 
tentials of  the  residual  decay. 

3.  A sensitive  selenium-tellurium  plate  may  appear  in- 
sensitive if  its  potential  has  decayed  to  the  residual 
portion  before  the  plate  is  exposed  to  light,  or  if  its 
initial  dark-decay  rate  is  comparable  with  the  light- 
decay  rate,  thus  obscuring  the  effect  of  light.  This  is 
more  specifically  applicable  for  one-layer  selenium- 
tellurium  plates. 

4.  In  some  cases,  exposing  a plate  to  light  increases  the 
residual-decay  level,  sometimes  enough  to  interfere 
with  light-decay  measurements. 

Retesting  Plates  Prepared  in  1952.  Plates  made  during  the  first  six 
months  of  1952  were  tested  after  being  sensitized  with  a charging  unit  using 
a corona  current  of  about  one  microampere.  Plates  charged  in  this  way 
show  characteristics  that  can  be  divided  roughly  into  four  categories: 

About  one— third  of  the  plates  had  characteristics  not  greatly 
different  from  those  of  selenium  plates.  This  group  was 
made  up  mostly  of  selenium  control  plates,  plates  having 
less  than  four  per  cent  tellurium,  and  some  two-layer 
plates  in  which  the  greater  percentage  of  the  total  film 
thickness  was  selenium. 

z 2.  About  one-sixth  of  the  plates  showed  a much  higher 

sensitivity  to  light  of  all  wavelengths  than  is  found  with 
selenium  plates.  : In  a number  of  cases,  their  response 
> was  nearly  panchromatic. 
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About  one-third  of  the  plates  accepted  a potential  of  at 
least  200  volts  but  showed  no  sensitivity  to  light  of  any 
wavelength. 

4.  About  one-sixth  of  the  plates  had  such  fast  dark  decays 
or  accepted  such  low  potentials  that  they  could  not  be 
used  practically. 

About  50  of  these  plates  were  retested,  using  higher  corona  currents 
in  sensitizing  them.  Most  of  the  plates  previously  found  insensitive  showed 
the  high,  nearly  panchromatic  response  to  light  observed  previously  for 
only  a few  plates. 

In  this  retesting,  plates  of  the  first  and  second  categories  showed 
very  little  change  from  the  original  tests.  Plates  in  the  third  category, 
those  which  accepted  a potential  of  about  2C0  volts  but  were  insensitive  to 
light,  improved  in  two  ways.  First,  it  became  apparent  that  the  potential 
accepted  by  the  plate  in  the  original  testing  was  really  only  a high  residual 
potential.  Using  the  higher,  100-microampere  corona  current,  it  was  pos- 
sible to  charge  the  plates  to  potentials  considerably  higher  than  these 
residuals  and,  hence,  to  obtain  a high  sensitivity  in  decays  to  this  residual 
level.  Secondly,  many  of  these  high  residual  potentials  apparently  de- 
creased during  the  two-  to  three-month  period  between  tests.  With  these 
plates,  a return  to  the  original  charging  conditions  produced  a lower 
residual  potential  than  determined  in  the  original  measurements,  and  the 
plates  might  have  well  been  reclassified  into  the  fourth  category  as  a result 
of  this  apparent  effect  of  aging. 

Plates  in  the  fourth  category,  those  which  originally  had  such  fast 
dark -decay  rates  that  they  were  not  usable,  were  improved  by  a retardation 
of  the  dark-decay  rate  to  the  point  that  sensitivity  measurements  could  be 
made.  A few  plates  in  this  category,  even  when  charged  with  the  higher 
corona  current,  still  had  dark-decay  rates  too  fast  to  permit  meaningful 
measurements  of  sensitivity. 

Figures  10-9  and  10-10  show  decay  curves  and  spectral-sensitivity 
curves  for  typical  plates  having  a film  containing  93  per  cent  selenium  and 
7 per  cent  tellurium,  previously  believed  insensitive  but  later  found  to 
have  high  sensitivities  when  charged  with  the  higher  corona  currents. 

Figure  10-9  shows  the  characteristics  of  the  one-layer  plate  R-4-25- 
52-A,  which  originally  showed  no  sensitivity  because  of  a high  residual  po- 
tential. The  original  decay  curves  for  this  plate  were  recorded  on  April  25, 
1952,  using  a corona  current  of  about  one  microampere.  The  later  char- 
acteristics were  recorded  in  July  14,  1952,  using  a corona  current  of  100 
microamperes.  Light-decay  curves  were  made  by  exposing  the  plate  to 
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FIGURE  10-9.  CHARACTERISTICS  OF  ONE-LAYER  SELENIUM-TELLURIUM 
PLATE  R-4-25-52-A  FOR  DIFFERENT  CHARGING 
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FIGURE  10-10.  CHARACTERISTICS  OF  ONE-LAYER  SELENIUM-TELLURIUM 
PLATE  R-4-I6-52-A  FOR  DIFFERENT  CHARGING 
CONDITIONS 
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light  of  400  millimicrons  wavelength  at  an  intensity  of  0.  030  microwatt  per 
square  centimeter. 

Figure  10-10  shows  the  characteristics  of  the  one-layer  plate  R-4- 
16-52-A,  which  originally  could  not  be  charged  to  a potential  high  enough 
to  show  sensitivity.  Charging  conditions  were  the  same  as  those  de- 
sc1  bed  in  the  paragraph  above.  Original  measurements  were  made  on 
Ap  il  16,  1952,  and  the  later  measurements  were  made  on  July  14,  1952. 

detesting  Plates  Prepared  in  1951.  About  50  plates  made  in  1951 
also  were  rechecked  using  higher  corona  currents  in  sensitizing  them. 

Most  of  these  plates  were  selenium-tellurium  plates,  but  many  of  them 
contained  lower  percentages  of  tellurium  than  were  used  in  1952.  In  many 
cases,  the  spectral  response  of  the  plates  was  not  measured  because  these 
fast  dark-decay  rates  were  assumed  to  make  the  plate  useless. 

In  retesting  these  plates,  several  were  found  to  have  an  extended 
spectral  response.  Some  of  these  plates  were  those  made  near  the  end  of 
the  year,  when  plates  were  being  prepared  with  long  deposition  times  from, 
mixtures  of  93  per  cent  selenium  and  seven  per  cent  tellurium.  However, 
two  plates,  R-8-27-51-B  and  R-8-28-51-B,  that  showed  an  extended 
spectral  response,  that  is,  long-wavelength  cutoff  at  about  650  millimicrons, 
were  made  with  tellurium  concentrations  of  only  2.  2 per  cent  and  3.  0 per 
cent.  Another  plate,  R-8-20-51-B,  had  the  most  nearly  uniform  response 
to  light  of  any  plate  tested  thus  far.  This  plate  was  made  from  a selenium- 
tellurium  mixture  having  a tellurium  concentration  of  4.  3 per  cent.  The 
absolute  value  of  its  sensitivity  to  blue  light  was  only  a little  greater  than 
that  of  an  ARQ-selenium  plate,  but  its  sensitivity  remained  within  ten  per 
cent  of  that  value  from  400  to  beyond  600  millimicrons,  and  only  dropped  to 
about  half  that  value  at  750  millimicrons. 

A possible  explanation  for  the  suprisingly  good  charateristics  of  a 
plate  made  with  such  low  concentrations  of  tellurium  lies  in  the  preparation 
of  the  selenium-tellurium  mixture  used.  In  all  three  cases,  the  selenium 
and  tellurium  were  heated  in  an  open  crucible  in  air  for  only  a few  minutes 
before  being  placed  in  the  vacuum  system.  If  the  mixing  of  the  two  materials 
was  not  complete,  and  particularly  if  some  particles  of  tellurium  remained 
undissolved,  then  the  last  material  to  be  vaporized  from  the  crucible  might 
be  very  rich  in  tellurium.  Thus,  the  tellurium  concentration  may  have 
varied  from  little  or  none  to  a rather  high  concentration  in  the  top  layer  of 
the  film. 

Another  plate  retested  after  sensitizing  at  u corona  current  of  100 
microamperes,  Plate  R-7-23-51-A,  was  made  in  July,  1951,  by  evaporating 
selenium  and  tellurium  from  separate  sources  in  such  a way  as  to  produce 
a variation  in  tellurium  content  from  one  end  of  the  selenium  film  to  the 
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other.  At  the  point  on  this  plate  where  the  tellurium  concentration  is 
greatest,  the  plate  showed  considerable  panchromaticity,  the  long- 
wavelength  cutoff  being  about  750  millimicrons.  The  response  dropped 
rapidly  for  areas  containing  lower  concentrations  of  tellurium. 

On  the  basis  of  the  characteristics  of  this  plate,  the  following 
important  conclusions  were  drawn: 

1.  Panchromaticity  in  a plate  does  not  necessarily  depend  on 

an  interaction  between  selenium  and  tellurium  when  they 
are  melted  together  before  evaporation.  1 

2.  It  is  not  necessary  to  evaporate  all  of  the  material  in  the 
boat  in  order  to  obtain  a panchromatic  response.  A 
shutter  may  be  used  to  end  a deposition  process  at  a 
predetermined  time,  without  concern  over  whether  the 
desired  high  sensitivity  is  due  to  a possible  high  con- 
centration of  impurities  in  the  last  fraction  of  melt  to 
leave  the  source. 

O 

Using  a two-source  technique,  it  is  possible  to  control  the  con- 
centration of  tellurium  throughout  the  film  by  controlling  the  relative  rates 
of  evaporation  from  the  two  sources.  Also,  the  time  for  deposition  and 
any  heat  treatment  after  deposition  may  be  determined  accurately  using  the 
shutter.  However,  these  advantages  are  offset  by  the  practical  difficulty 
of  controlling  the  rates  of  evaporation  of  different  materials  in  a vacuum 
system. 


Electrophotographs  Made  With  Single-Layer  Selenium-Tellurium 
Plate  Using  Standard  Darkroom  Procedure 

Work  described  in  this  section  was  done  to  determine  the  picture 
quality  obtainable  using  single-layer  selenium-tellurium  plates,  and  to 
learn  something  about  the  empirical  photographic  speeds  of  the  plates  from 
actual  exposure  data. 

Plate  R-5-16-52-A,  used  for  these  tests,  was  made  using  a 90- 
minute  deposition  time,  a backing-plate  temperature  of  80.  5 C,  and  a 
tellurium  content  of  seven  per  cent.  The  film  thickness  on  this  plate  was 
about  34  microns.  The  characteristics  sought  in  this  plate  were  high 
initial  potential,  a dark-decay  rate  of  about  30  seconds  or  longer,  and 
panchromatic  sensitivity. 
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This  plate  had  the  following  characteristics  when  originally  tested 
using  the  low-current  charging  device: 


O 


Initial  potential 

- 500  volts 

Dark  decay  to  half  voltage 

27  seconds 

Residual  potential 

40  to  80  volt: 

Sensitivity(l)  at: 

400  millimicrons 

- 1.02 

500  millimicrons 

- 0.  89 

600  millimicrons 

- 0.  67 

700  millimicrons 

- 0.  22 

The  plate  was  charged  to  a positive  potential  of  slightly  over  300 
volts,  using  high  corona  current,  and  exposed  through  a positive  trans- 
parency to  light  from  a 100-watt  tungsten  lamp.  This  exposure  unit,  de- 
scribed on  pages  1-118  of  the  Final  Progress  Report,  dated  December  18, 
1951,  was  used  to  assure  the  same  exposure  for  each  test.  The  plate  was 
developed  for  ten  seconds  in  the  high-speed  development  unit,  as  described 
on  pages  1-74  through  1-82  of  the  Final  Progress  Report  dated  December  31, 
1951.  A negative  potential  of  40  volts  applied  to  the  plate  during  develop- 
ment was  sufficient  to  prevent  deposition  of  powder  in  white  areas. 

Figure  10-11  shows  photographic  reproduction  of  the  pictures  devel- 
oped on  selenium-tellurium  plate  R-5-16-52-A  and  on  a selenium  plate. 
Exposure  times  of  3/8  second  and  22  seconds,  respectively,  were  used 
with  all  other  exposure  conditions  being  held  constant.  Many  of  the 
blemishes  on  the  picture  made  on  the  selenium-tellurium  plate  are  due  to 
scratches  and  finger  prints  on  the  surface  of  the  plate;  others  resulted 
from  incomplete  cleaning  of  the  backing  plate  prior  to  coating.  The  texture 
and  contrast  of  the  print  are  not  quite  so  good  as  those  in  the  picture  made 
on  the  selenium  plate.  However,  the  50-fold  increase  in  apparent  photo- 
graphic speed  is  real  and  significant. 

An  outdoor  exposure  was  also  made  using  the  selenium-tellurium 
plate,  R-5-16-52-A.  With  the  sun  shining  through  a partial  overcast,  a 
photographic  speed  of  ASA  12  was  determined  from  readings  on  an  ex- 
posure meter.  This  is  a five-fold  increase  over  the  nominal  speed  of  ASA 
2.  j for  selenium  plates.  However,  this  speed  of  ASA  12  may  be  in  error 
by  as  much  as  50  per  cent,  due  to  uncertainty  of  actual  shutter  speed. 

Also,  the  rapid  dark-decay  rate  on  this  plate  made  it  difficult  to  establish 
the  best  conditions  for  exposure  and  development. 


(1)  Sensitivity  used  here  is  the  reciprocal  of  the  time  to;  the  plate  voltage  to  decay  from  200  to  100  volts  for 
light  of  the  wavelength  stated  and  a light  intensity  ol  0.0:10  microwatt  per  square  centimeter. 
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Rapid-Processinp  Electrophotographic:  Cjirnjera 


vu 


r 


The  high-sensitivity  characteristic  of  the  two-layiij 
tellurium  plates,  as  evidenced  by  i:lectromc.t-  tests,  suj 
be  tested  for  picture-making  characteristics.  However, 
decay  rates  made  such  photographic  testing  impossible  V, 
room  procedure,  too  much  time  being  required  in  handliij 
between  the  end  of  charging  and  the  Smd  of  development 


. ?e-rc' mtlm--':.:  - 

Igested  that  they 
their  high  dark- 

}|),  the  usual  dark- 
i Lithe  plate/,1  ■ 


In  usual  darkroom  procedure,  the  plate  is  charged 
under  a corona  discharge  and^placing  it  in  a plate  holder, 
then  carried  to  and  placed  in  a camera,  exposed,  and  reti| 


/ passing  it 
The  plate  is 
H^ned  to  the  dark- 
room where  it  is  removed  from  the  plate  holder,  placed  dn  the  development 
unit,  and  the  image  is  developed.  The  shortest  time  in  wtjiich  this  procedure 

O 1 1 

can  be  carried  out  is  about  one  minute.  However,  in  appreciably  less  than 


one  minute,  the  potential  on  a high-sensitivity  selenium-t 
will  drop  too  far,  even  in  darkness,  for  the  plate  to  be  us 
picture. 


llurium  plate 
ful  in  making  a 


ctrophotographic 


In  order  to  use  these  plates,  a "rapid-processing  elj 
camera"  was  constructed,  whereby  the  plate  could  be  handled  rapidly  in  (? 
the  interval  between  charging  and  development.  For  the  purpose  of  demon- 
strating the  type  of  image  that  can  be  developed  using  the 
tellurium  plate,  a simple,  manually  operated  camera  was 
incorporated  only  the  steps  which  require  rapid  sequencing!,  th?e  steps  of 
transfer  and  cleaning  being  carried  out  independently.0 


jelenium- 

constructed. 


It 


Designs  Considered  for  Rapid-Processing  Camera 

A number  of  different  designs  were  considered  for  th'4  rapid-/' 
processing  camera.  Points  considered  in  evaluating  the  designs  were 
speed  and  convenience  of  operation,  trouble-free  operation-j  simplicity  in 
construction,  smallness  in  size,  and  lightness  in  weight. 


f/ 

ill 


Figure  10-12  shows  five  designs  considered.  Severalj/.^ppeared 
equivalent  when  judged  on  the  above  points,  but  Design  B wt£  selected 
finally  as  fulfilling  the  requirements  best.  £.j 


If  the  two-layer  selenium-tellurium  platesO)  used  in  ftkese  tests,'/ 
exposed  to  room  light  prior  to  charging,  their  decay  of  potejtjtiul  in  su li£ 
sequent  darkness  will  be  too  rapid  to  permit  use,  even  in  a 
takes  the  plate  from  charging  through  development  in  two  to 


i4une  r a wfiirh 
iit, 


(1)  Preparation  and  characteristics  of  these  plates  arc  described  elsewhere  in  this  report.^ 
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FIGURE  10-12.  DESIGNS  CONSIDERED  FOR  RAPID- PROCESSING 
ELECTROPHOTOGRAPHIC  CAMERA 
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Consequently,  the  pi 
camera  exposure  itsi^f.  For 
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Description  of,(ftapid-Proe,es sing  /Camera 


Figure  10^^  ft^taway  y.iew  of  the  hinge-type  r apid-pro^s s^ng 

camera  constructed testing  selenium-tellurium  plates,  in  this  carne^i); 
the  back  opens  to  permvt^j^Lacing  the  plate  in  the  holder.  When  the  back  is^v' 
closed,  the  holder  can  be  positioned  so  that  the  plate  is  in  the  image  plane 
of  the  lens.  A polonium  radic^^tTve  charging  unit(l)  used  in  this  camera 
swings  from  the  top  of  the  camera  position  directly  in  front  of  the 

plate.  In  this  position,  electrical  conTactis  made,  voltage  is  applied  be- 
tween the  plate  and  the  charging  unit,  and  charging  begins. 


Development  is  accomplished  by  swinging  the^qfate  to  the  bottom  of 
the  camera,  against  shims  which  sj 
electrode  of  a powder-cloud  development 

an  " 0-ring"  gasket  seals  the  plate  over  the  eieciruue  anu  prevuu^s  aeve^p^^n.-^^  , 
ment  powder  from  entering  the  main  camera  chamber.  The  c am'e^a.vi s >0  v! 

mounted  over  the  belt-type  powder-cloud  generator  and  the  whole  ass^^pbl’Vvy  % - 

mounted  on  a wheeled  cart  to  facilitate  moving  from  the  darkroom  to  the'hhh  * s tl  -P, 

'<  • Uv-' 

h //"• 


window  for  outdoor  photographs. 


The  camera  is  equipped  with  a 12-inch,  f/4.  5,  Wollensak,  Series  II, 
Velostigmat  lens. 


2 ££.  ration  of  the  Rapid-Processing  Camera 

The  operations  of  charging,  exposing,  and  developing  are  carried  out 
in  the  rapid-processing  camera. 


In  charging,  the  polonium  source  is  spaced  5/8  inch  from  the  five- 
inch  by  seven-inch  electrophotographic  plate,  and  a potential  of  300  volts 
is  applied  for  one  to  two  minutes,  charging  the  plate  electrically  positive. 


Immediately  at  the  end  of  charging,  the  charging  unit  is  swung  away 
from  the  plate,  the  exposure  is  made,  the  plate  is  swung  down,  sealed 
against  the  electrode,  and  developed.  Development  requires  approximately 
one  second.  The  total  time  from  the  end  of  charging  to  the  end  of  develop- 
ment is  approximately  three  seconds. 


(1)  Described  later  in  this  report. 
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FIGURE  10-13.  RAPID  - PROCESSING  ELECTROPHOTOGRAPHIC  CAMERA 
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£#i  suits*  \S’foa  With  the  Rapid-Processing  Camera 


fw  • . 0? 

Using  a bclemutn  plate  of  known  photographic  characteristics,  testr 


fyflHhe  camera  showed  it  to  be  operating  satisfactorily  in  all  respects. 


ag<^s  were  then  developed  using  a tWo-layer  selenium-tellurium  plate, 

A*.  . K'1> . . .m  \ * • t _ ..  „ -I  ^ tVi  0 t:o  ni  ^ nemo 


the  resulting  prints  were  not  so  good  as  those  made  using  the 


nii; m plate,  tiiey  were  of  inherently  good  quality.  They  were  free  of 
(Vain,  i»t|-eaks*  and  other  blemishes,  indicating  that,  there  were  no  gross 


q,yfas  in  j>-e  plates.  Absence  of  a "snow-storm"  appearance  indicated 
'h-  • • ■ * ••  - • u ,-J The 


4 


tispcjom  f rom^pve^A\harging  and  localized  electrical  breakdown.  T 
Vilfikjvpal  deficiencie  \;,in  these  pictures  were  in  density  and  contrast. 
tjSifr ient i from  improper  development  conditions,  such 
‘i,  tina^and^lectrode  potential.  The  last  dark-decay  r aies 

Sip  (lie  sc  the  'fti/^'v^^jSidual  potentials  make  the  handling  of  the 

p}»©te  'k*id  tf^b  setTiri'gN4>f  deve^e.^nt  conditions  much  more  critical  than  in 

'|se  '^ain  selenium 

1 . ■ -Op  '•  5V>*'x 


>jy 


li-j?.  Figure  10-14  shows  a jVicfure^^e  using  a two-layer  sclernuin- 


! barium  plate,  ll-4*52-C.  Thiis  pUt^(a%\coated  with  46  microns  of 


S or;ianr\^)V<r  the  base  plate  and  with; a tc 

At ^;^>iVbAn<d  20  per  cent  tellurium.  Tfc*^ic%v^;;;is 

(■V.  ’ "J  - , , ..  _ i ■ . ..  ‘i’' 


top  layer  of  80  per  cent 
is  overdeveloped,  but  is 
t’,, graphic  speed  of  about 
VfA  30f  daylight,  verifying  the  photographic  ducted  from  electri- 

Thplcs  t3  on  this  type  of  plate  and  representing  a majS^  h^nce  over  previ- 
cli4  /-hlates. 


'jlitfcb wise  of  good  quality.  It  was  exposed  at  a 


it  i- 


Wheji  this  plate  was  used  to  make  pictures  at  approx 
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FIGURE  10-14.  ELECTROPHOTOGRAPH  MADE  ON  TWO-LAYER 
SELENIUM-TELLURIUM  PLATE  11-4-52-CAT 
APPROXIMATELY  ASA  30,  DAYLIGHT 


HATTiliE  MEMORIAL  INSTlTUTI 

RESTRICTED 


\ 


RESTRICTED 


10-49 


) 


'A 


electrical  field.  In  the  conventional  technique  in  use  at  the  beginning  of 

this  contract,  the  ions  were  created  in  air  by  raising  the  potential  of  a fine 

wire  to  approximately  7000  volts,  causing  corona  discharge  around  the 

wire.  The  ions  created  by  this  discharge  are  then  driven  onto  the  plate 

surface  by  the  electrical  field  which  exists  between  the  fine  wire  and  the 

electrophotographic  plate.  To  prevent  excessive  charging  of  the  plate  -- 

which  is  limited  only  by  the  7000  volts  applied  to  the  corona  wires  — a © 

control  grid  of  wires  is  placed  between  the  corona  wire  and  the  plate.  By 

maintaining  the  potential  on  the  control  grid  at  approximately  the  potential 

desired  on  the  plate,  overcharging  of  the  plate  is  avoided. 

This  technique  places  a uniform  electrical  charge  on  the  plate.  In 
addition,  results  can  be  reproduced  consistently.  However,  it  does  not 
lend  itself  well  to  use  in  portable  cameras  because  of  the  weight  of  the 
required  high-voltage  source  and  the  need  for  electrical  energy. 

As  these  needs  have  been  eliminated  in  the  development  apparatus  by 
using  tr iboelectric  charging  of  the  powder,  doing  away  with  the  bulky  power 
supply  for  sensitizing  plates  would  make  the  entire  electrophotographic 
equipment  much  more  portable. 


Radioactive-Sensitizing  Unit 

One  method  of  eliminating  the  power  supply  would  be  to  use  a.  radio- 
active material  to  create  the  necessary  ions  in  the  air.  Any  radioactive 
material  creates  ions  in  the  air  surrounding  it,  because  of  collisions  be- 
tween the  molecules  of  the  air  and  the  alpha,  beta,  and  gamma  rays  emit- 
ted by  the  source.  Suggestions  as  to  material  to  use  were  made  by  a 
representative  of  the  Signal  Corps  early  in  this  development. 

Two  radioactive  sources  were  tried.  The  first  was  a relatively  weak 
source  used  because  it  was  available  at  the  time  this  idea  was  proposed. 

A second,  stronger  source,  was  purchased  later. 

Radium.  The  first  radioactive  material  tried  as  a suitable  source  of 
ions  was  radium  and  its  decay  products  as  contained  in  an  Ionotron(l).  By 
placing  the  Ionotron  and  the  electrophotographic  plate  to  be  sensitized  in 
an  electric  field,  the  ions  created  by  the  radioactive  source  were  driven 
onto  the  electrophotographic  plate  giving  it  the  required  electrical  potential. 


(1)  United  States  Radium  Corporation,  535  Pearl  Street,  New  York,  New  York. 
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The  particular  Ionotron  used  consists  of  a metal  housing  containing 
a thin  metal  foil  impregnated  with  radium.  This  foil,  measuring  one-half 
inch  wide  and  six  inches  long,  has  an  activity  of  0.2  millicurie  per  square 
inch,  giving  a total  activity  of  approximately  0.  6 millicurie.  This  material, 
with  a half  life  of  1600  years,  emits  alpha,  beta,  and  gamma  rays,  with 
the  major  portion  of  the  ionization  produced  in  the  immediate  vicinity  of 
this  source  being  due  to  collisions  between  the  alpha  particles  and  mole- 
cules in  the  air  near  the  source. 

Figure  10-15  is  a sectional  view  of  the  sensitizing  unit  incorporating 
this  radioactive  source.  The  source  is  mounted  in  a metal  housing  which 
fits  directly  onto  a five-inch  by  seven-inch  conventional  photographic  plate 
holder.  The  housing  supports  the  radioactive  material  at  a fixed  distance 
from  the  plate,  serves  as  a light  shield,  provides  additional  protection 
against  radiation  from  ihe  back  of  the  source,  and,  when  connected  to  a 
source  of  potential,  directs  to  the  electrophotographic  plate  the  ions 
created  by  the  radioactive  material.  The  plate  may  be  sensitized  to  either 
polarity  by  choosing  the  proper  polarity  of  the  field  between  the  housing 
and  the  plate;  when  the  housing  is  positive  with  respect  to  the  plate,  the 
plate  will  be  sensitized  positively.  Miniature  "B"  batteries  serve  as  the 
source  of  potential.  They  need  to  supply  a current  of  only  about  one 
microampere,  giving  them  a service  life  approximately  equal  to  their 
shelf  life. 

The  potential  acquired  by  the  plate  is  controlled  by  the  voltage  applied 
between  the  metal  housing  and  the  plate  and  by  the  length  of  time  this  po- 
tential is  applied.  The  potential  on  the  plate  will  never  exceed  that  applied 
between  the  housing  and  the  plate,  L>eaving  the  radioactive  source  over  the 
plate  for  an  extended  period  does  not  overcharge  the  plate,  nor  does  it  ap- 
pear to  have  any  other  deleterious  effects  with  sensitizing  times  as  long  as 
24  hours. 

Radioactive  units  can  be  mounted  directly  in  a camera  so  that  a plate 
can  be  maintained  in  a sensitized  condition  until  it  is  exposed.  With  this 
particular  source  and  arrangement,  approximately  two  and  one-half  minutes 
are  required  to  charge  a selenium  plate  to  175  volts  when  approximately 
300  volts  is  applied  between  the  metal  housing  and  the  plate.  However,  by 
increasing  the  area  of  the  source  and  using  a source  of  greater  activity,  the 
time  required  for  sensitization  can  be  reduced  appreciably.  Images  pro- 
duced on  plates  sensitized  with  this  unit  are  similar  to  those  produced 
from  plates  sensitized  by  corona  means  at  the  same  charging  currents. 

One  of  the  disadvantages  of  this  radium  source  is  that  one  of  the  decay 
products  of  radium,  radium-C,  emits  energetic  gamma  rays.  This  limits 
the  concentration  of  radium  that  can  be  used  safely  without  heavy  shielding 
when  persons  are  near  the  source,  as  they  would  be  in  this  particular 
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application.  Unfortunately^  all  substances  emitting  alpha  particles  also 
emit  gamma  ray^.  oP;oloijltp.m-2 10  emits  alphas  and  only  very  weak  gammas, 
but  initially  it  waVs  conk'ideied  to  have  too  short  a half  life  to  be  useful  and 
other  solutions  to\fhe  pxoble^lri/were  investigated. 


Beta  Source,,  Beta-particle  emitters  were  considered  as  possible 
lionizing  sources,  a^so'rtt'C  rid  inactive  mAterial-s  emit  no  radiiit'ipjv  except, -- 
beta  rays,  against  w\\i’qh  sliielding  is  relatively  simple.  Such  a source  is 
strontium-90,  a ,,relaP-v;ely  inexpensive  isotope  produced  -'artificially  with 
''  high  specific  activity,  yajid  haying  a useful  half  life  of  approximately  25 
years.  However,  the  tpnizi)\g  power  of  a beta  particle  per  unit  length  of 
path  is  only  one  one -hundredth  that  of  an  alpha  particle  of  equal  energy,  so 
that  very  high  intensities  of  beta  activity  would  be  required  to  create  enough 
ions  to  sensitize  a plate  a reasonable  length  of  time.  While  the  use  of 
\y-'/,ySUch  a material  is  not  preluded,  a more  promising  approach  was  found  in 
"^fhe  use  of  certain  alpha  emitters.  " 

i(  ■ f}  Radium-D.  Mr.  S.  Lhyinos  of  the  Siginal  Corps  sugg^s'iTed,  as  an 
^\!^;y.i^niz^ng.  source /^itpdium-D  iVi iequilibrium  with  its  dece^/ ''products.  By 
chbvxs^  ri]  a material  in  tht-  ra^tium-deca^  seriesj^eiow  radium-C,  the 
e ne r ge tTcYjjam'-p a rays'' from  radium-C  ar£^oided,  yet  the  material  will 
decay  into  pofdn‘'b„{V .apd/g'^ve  particles  most  useful  in  ionizing 

air.  Radium-D  is  ^suct^w  ynaferia^.y ^ Its  half  life  of  22  years  makes  it  more 
practical  than  polonium-210  its  half  life  of  only  140  days. 


The  Canadian  Radium  and  Uranium  ijuy.rporationi^ ) reported  that 


radium-D  could  be  plated  onto  a foil  and  that  the  ;d rice  would  be  approxi- 


mately  $100.  00  per  millicurie.  This  is  approximatei^iht?,  same  price  as 


for  radium,  the  parent  product.  Although  a radium-D  source^  fcs  not  been 


obtained  nor  used  for  sensitizing  plates,  there  appears  to  be  no  rettSign. why 


it  would  not  be  a satisfactory  material. 


Polonium.  Because  of  the  relatively  low  initial  cost  of  polonium  and 
the  exploratory  nature  of  the  work,  preliminary  work  was  done  with  a 
polonium  source  rather  than  the  longer  lived  radium-D  source.  A polonium 
source  was  available  at  a cost  of  approximately  $6.  00  per  millicurie. 


The  polonium  source  obtained  consists  of  a metal  plate  four  inches  by 
five  inches  coated  with  polonium  of  an  intensity  of  one  millicurie  per  square 
inch,  or  a total  of  20  millicuries.  This  size  was  chosen  to  match  the 
selenium-coated  area  of  the  standard  five-inch  by  seven-inch  Signal  Corps 
electrophotographic  plate.  For  safety  purposes,  the  polonium  is  over- 
coated with  a thin  layer  of  gold  and  thin  layer  of  lacquer.  These  coatings 


(1)  630  Fifth  Avenue,  New  York  20,  New  York, 
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help  prevent  chemical  reaction  of  the  polonium  with  foreign  substances 

and  prevent  dun  and  air  currents  from  contacting  the  polonium  itself. 

, ’ ,,  \A 

Several  variables  must  be  investigated  before  precise  recommendations 
can  be  made  on  i\)sing  polonium  as  the  radioactive  source  in  a sensitizing 
unit.  Sorij^c^'-Chese  variables  have  been  investigated  to  some  degree  as 
deso^a&sid  below,  but  more  work  remains  to  be  done. 

The  spacing  between  the  polonium  surface  and  the  electrophotographic 
plate  affects  the  rate  of  charging.  The  alpha  particles  emitted  from  a 
polonium  source  have  a natural  range  of  about  3.6  cm.  These  particles 
are  most  effective  in  ionizing  the  molecules  in  the  air  near  the  end  of  this 
range.  If  the  polonium  and  electrophotographic  plate  are  separated  by 
less  than  3.  6 cm,  the  alpha  particles  are  stopped  by  the  selenium  before 
they  have  created  the  maximum  number  of  air  ions.  From  this  standpoint, 
the  optimum  spacing  would  be  at  least  3,  6 cm. 

When  an  alpha  particle  strikes  a molecule  of  a gas,  both  positive 
and  negative  ions  are  formed.  If  these  oppositely  charged  ions  are  per- 
mitted to  remain  near  each  other,  they  will  recombine  to  form  neutral 
molecules  and  hence  detract  from  the  ions  available  to  charge  the  electro- 
photographic plate.  However,  if  an  electrical  field  is  applied  to  the  region 
containing  the  ions,  the  positive  and  negative  charges  will  be  separated  and 
the  chance  of  recombination  will  be  reduced.  If  the  electrical-field  gradient 
is  sm.  1,  the  tendency  for  separation  will  be  small.  Increasing  the  gradient 
will  reduce  the  chance  of  recombination.  For  a given  voltage  between  the 
source  nd  plate,  by  definition,  an  increase  in  the  spacing  between  source 
and  plate  will  decrease  the  voltage  gradient,  and  hence  the  spacing  again 
indirectly  affects  the  rate  at  which  the  plate  will  be  charged.  Another  factor 
to  be  considered  in  the  use  of  this  source  is  that,  as  the  electrophotographic 
plate  is  being  charged,  its  potential  increases  and  hence  the  gradient  be- 
tween it  and  the  source  decreases.  Allowance  must  be  made  for  this  effect. 

Although  the  investigation  of  these  problems  is  not  complete,  prelim- 
inary results  show,  when  the  distance  between  the  source  and  the  plate  is 
approximately  equal  to  the  distance  an  alpha  particle  will  travel,  that  the 
gradient  necessary  to  reduce  recombination  to  a reasonable  value  requires 
an  electrical  potential  difference  between  the  source  and  plate  much  greater 
than  the  initial  potentials  normally  desired  for  continuous -tone  walk. 
Therefore,  the  conditions  to  be  used  must  be  some  compromise  of  spacing, 
potential  difference,  and  sensitizing  time. 

A number  of  experiments  were  run  to  determine  the  magnitude  of  the 
ion  current  to  be  expected  from  the  polonium  source.  A potential  of  300 
volts  was  applied  between  the  four— inch  by  five-inch  polonium  source  and 
an  eight-inch  by  ten-inch  sheet  of  bare  aluminum.  These  plates  were  then 
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spaced  0.  5 inch  apart  and  the  current  flowing  between  them  was  measured. 
Similar  readings  were  taken  for  spacings  of  0.  75  inch  and  1.  0 inch. 

Figure  10-16  shows  the  results  obtained  from  these  measurements. 


O 


FIGURE  10-16.  ION  CURRENT  FLOWING  BETWEEN  POLONIUM 
SOURCE  AND  METAL  PLATE  AT  VARIOUS 
SPACINGS  BETWEEN  SOURCE  AND  PLATE 

A-4339 


This  curve  indicates  that  the  additional  collisions  of  the  alpha  particles 
with  molecules  in  the  air,  which  occurred  in  the  space  between  0.  25  inch 
and  0.  5 inch  from  the  polonium  source,  contributed  many  additional  ions 
to  increase  the  current  flowing  between  the  polonium  and  the  metal  plate. 
However,  increasing  the  spacing  from  0.  5 inch  to  0.  75  inch  does  not  pro- 
duce a similar  increase  in  current.  This  is  probably  due  to  the  fact  that, 
although  more  ions  have  been  generated  in  the  additional  space,  the  voltage 
gradient  has  been  reduced  from  600  volts  to  400  volts  per  inch.  This  is 
apparently  enough  of  a reduction  that  considerable  recombination  of  ions 
can  occur.  The  net  result  is  that  approximately  the  same  number  of  ions 
reaches  the  metal  plate  at  a spacing  of  0.  75  inch  as  at  0.  5 inch.  Increasing 
the  spacing  to  1.0  inch  decreases  the  gradient  to  only  300  volts  per  inch. 

At  this  gradient,  recombination  is  greater  and  the  current  is  reduced  still 
further. 

Using  the  spacing  which  gave  the  highest  current  in  the  previous  ex- 
periment, 0.  75  inch,  and  again  using  300  volts  potential  difference,  a 
selenium-coated  plate  was  substituted  for  the  bare  metal  plate,  and  the 
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potential  which  the  plate  acquired  was  measured  after  exposure  to  the 
polonium  source  for  various  lengths  of  time. 

Figure  10-17  shows  the  results  obtained  from  these  measurements. 


FIGURE  10-17.  POTENTIAL  ACQUIRED  BY  SELENIUM  PLATE 
EXPOSED  FOR  VARIOUS  TIMES  TO  POLONIUM 
SOURCE  WITH  300  VOLTS  POTENTIAL 
DIFFERENCE  BETWEEN  SOURCE  AND  PLATE 

A-4S40 

As  the  plate  becomes  charged,  the  rate  of  charging  drops  rapidly  because 
the  increase  in  potential  on  the  plate  decreases  the  potential  gradient  in  the 
ionized  air.  For  example,  after  2.0  seconds,  the  potential  difference  be- 
tween the  source  and  the  electrophotographic  plate  is  only  12  5 volts,  or  a 
gradient  of  less  than  95  volts  per  inch  as  opposed  to  400  volts  per  inch 
initially.  The  effect  of  decreased  gradient  was  observed  in  the  experiment 
preceeding  this  one. 

As  a further  check  on  the  effect  of  voltage  gradient  on  the  ion  current 
flowing  from  the  polonium  source  to  am  electrophotographic  plate,  the 
previous  experiment  was  repeated  with  the  potential  difference  between  the 
source  and  plate  changed  from  300  volts  to  600  volts. 

Figure  10-18  shows  the  results  obtained  when  this  potential  gradient 
was  doubled. 

By  comparing  the  absolute  values  obtained  in  the  last  two  experiments, 
the  importance  of  voltage  gradient  is  easily  seen.  Although  plates  can  be 
sensitized  more  rapidly  using  larger  voltage  gradients,  it  becomes 
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FIGURE  10-18.  POTENTIAL  ACQUIRED  BY  PLATE  EXPOSED 
FOR  VARIOUS  TIMES  TO  POLONIUM  SOURCE 
WITH  600  VOLTS  POTENTIAL  DIFFERENCE 
BETWEEN  SOURCE  AND  PLATE 


increasingly  important  to  time  the  process  accurately  if  the  initial  po- 
tential desired  on  the  plate  is  considerably  below  the  absolute  potential  dif- 
ference between  the  radioactive  source  and  the  electrophotographic  plate. 

To  determine  whether  an  electrophotogr aphic  plate  sensitized  with 
the  radioactive  unit  would  have  the  same  electrical  and  optical  character- 
istics as  the  same  plate  when  sensitized  with  the  conventional  corona- 
discharge  unit,  light  decays  and  dark  decays  were  determined  for 
selenium-coated  plate  7- 15-52- A after  sensitization  with  each  unit.  Sensi- 
tizing conditions  for  the  corona  method  were:  standard  electrometer  unit; 

corona  voltage,  7000;  grid  voltage,  100;  total  corona  current,  50  micro- 
amperes; time,  5 seconds.  Conditions  for  the  radioactive  source  were: 
spacing  of  source  to  plate,  0.  75  inch;  voltage,  300;  time,  30  seconds. 
These  conditions  were  chosen  so  that,  in  each  case,  the  initial  potential  on 
the  plate  would  be  the  same. 

Figure  10-19  shows  the  light-decay  and  dark-decay  rates  obtained 
from  measurements  on  this  standard  continuous-tone  plate  coated  with  50 
microns  of  selenium.  Light-decay  readings  were  taken  using  400- 
millimiLron  light.  Within  experimental  error,  no  difference  could  be 
detected  between  the  action  of  the  plate  when  sensitized  with  the  corona 
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FIGURE  10-19.  CHARACTERISTICS  OF  SELENIUM  PLATE  7-15-52-A 
SENSITIZED  WITH  CORONA  SOURCE  AND  WITH 
RADIOACTIVE -CHARGING  UNIT 
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unit  or  with  the  radioactive  source.  In  addition,  images  made  on  this 
plate  after  sensitizing  with  each  source  were  indistinguishable. 

As  reported  elsewhere  in  this  progress  report,  both  one-layer  and 
two-layer  selenium-tellurium  plates  have  sensitizing  characteristics  dif- 
ferent from  those  of  selenium  plates.  To  check  the  possibility  that  radio- 
active sensitization  and  corona  sensitization  might  not  give  similar  results 
on  these  plates,  the  electrometer  measurements  described  above  were  re- 
peated on  a two-layer  selenium-tellurium  plate,  R-5-2-52-A.  This  plate 
is  coated  with  20  microns  of  selenium  on  the  base  plate  followed  by  another 
20-micron  layer,  consisting  of  93  per  cent  selenium  and  7 per  cent  tel- 
lurium, on  top  of  the  selenium  layer.  Sensitizing  conditions  using  the 
corona  were:  standard  electrometer  unit;  corona  voltage,  7000;  grid  voltage, 
200;  total  current,  100  microamperes;  time,  5 seconds.  Conditions  for  the 
radioactive  unit  were:  spacing  of  plate  to  source,  0.  75  inch;  voltage,  500; 
time,  30  seconds.  Again,  these  conditions  were  chosen  so  that,  in  each 
case,  the  same  initial  potential  would  be  applied  to  each  plate. 

Figure  10-20  shows  the  light-decay  rates  of  the  plate  when  sensitized 
with  the  corona-charging  unit  and  when  sensitized  with  the  radioactive 
source.  These  light-decay  curves  have  different  shapes  but  the  average 
rates  of  decay  are  similar.  Further  checks  will  be  made  of  the  relative 
actions  of  the  two  sensitizing  methods.  For  the  present,  it  is  assumed  that 
sensitization  by  the  radioactive  source  is  equivalent  to  sensitization  by  the 
corona  unit. 

Work  still  must  be  done  to  determine  optimum  conditions  for  use  of 
the  radioactive-sensitizing  unit.  Some  advantage  may  be  found  in  using 
a specially  shaped  housing  near  the  source.  Also,  more  information  is 
needed  concerning  voltage  gradients,  and  the  spacing  between  the  radio- 
active unit  and  the  electrophotographic  plate. 

This  radioactive-sensitizing  unit  offers  a compact,  light-weight, 
rugged,  portable,  self-contained  apparatus  which  is  well  suited  to  field  use. 
There  are  no  moving  parts,  no  delicate  fine  wires,  and  no  necessity  for 
heavy  power  supplies. 


Image  Development  on  Electrophotographic  Plates 


During  the  period  covered  by  this  report,  several  major  advances 
were  made  in  the  understanding  and  practical  use  of  powder-cloud  develop- 
ment of  continuous-tone  electrophotographs. 
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FIGURE  10-20.  LIGHT-DECAY  RATES  OF  TWO-LAYER  SELENIUM- 
TELLURIUM  PLATE  R-5-2-52-A  SENSITIZED 
WITH  CORONA  SOURCE  AND  WITH  RADIO- 
ACTIVE-CHARGING UNIT 
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Jmag6s  of  good  quality  run  now  be  dt  vclujicd  111  loss  than  one  second. 
Apparatus  has  been  built  which,  by  logical  ext,i  n>  ion,  could  be  used  to 
develop  an  electrophotographic  plate  ol  any  width  desired.  Images  of  im- 
proved quality  and  blacker  tones  have  been  produced. 

In  addition,  a study  was  begun  of  the  sensit oinetr y of  the  electrophoto- 
graphic process,  and  further  attention  was  given  to  triboelectr ic  charging 
of  powders  in  capillary  tubes,  agglomeration  in  powder  clouds,  and  of  un- 
desirable deposition  of  powder  in  the  development  apparatus.  A urief 
attempt  was  made  to  create  a new  type  of  powder-cloud  generator.  Each 
of  these  items  is  discussed  in  more  detail  below. 


Sensitometry 


In  the  past,  several  techniques  for  developing  continuous-tone  electro- 
photographs produced  pictures  having  the  appearance  of  silver  halide  photo- 
graphs. However,  in  this  past  work,  pictures  were  evaluated  only  in  terms 
of  subjective  estimates  of  their  photographic  appearance,  rather  than  in 
terms  of  any  quantitative  sensitometric  units.  Sensitometr ic  studies  would 
have  had  limited  value  in  the  past  because  the  electrophotographic  techniques 
used  gave  such  variable  results  that  measurements  on  any  one  picture 
would  have  been  of  little  value  in  determining  the  actual  or  potential  charac- 
teristics of  the  technique.  Futhermore,  there  were  always  more  serious 
and  more  immediate  problems  requiring  attention. 

To  a considerable  extent,  the  situation  is  different  at  the  present 
time.  The  development  technique  embodied  in  the  high-speed  development 
unit  produces  successive  pictures  that  are  nearly  alike,  and,  though  many 
problems  still  await  solution,  some  information  about  tone  reproduction 
with  the  present  technique  is  needed  to  determine  which  problems  should 
receive  first  attention.  Further,  a careful  statement  of  the  capabilities  of 
the  present  electrophotographic  process  is  needed  to  evaluate  its  usefulness 
in  comparison  with  other  photographic  proc  esses. 

Accordingly,  a sensitometric  study  of  the  present  electrophotographic 
process  has  been  started.  This  study  should  be  a continuing  one,  becoming 
more  refined  as  the  control  of  the  electrophotographic  process  is  improved. 
It  will  include  a number  of  considerations  not  important  to  silver  halide 
photography,  such  as  the  effect  on  reproduction  characteristics  of  repeated 
use  of  the  electrophotographic  plate,  or  the  effect  of  the  times  between 
sensitizing  and  exposure,  and  between  exposure  and  development. 

The  first  objective  of  the  sensitometric  study  was  to  determine  the 
tone-reproduction  curve  for  prints  prepared  under  conditions  that  have  been 
found  to  produce  better-quality  electrophotographs.  For  reasonable  control 
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of  the  exposure  of  electrophotograpH  hie  plates,  the  subject  chosen  is  a 
transparency  of  a gray-scale  step  wwa-bpc-  illuminated  by  a tungsten  lamp. 

The  final  curve  of  tone  reproducUonrm  was  plotted  as  a graph  of  reflection 
densities  of  the  electrophotograph  aas  a function  of  the  transmission  density 
of  the  original  gray-scale  tr anspare»cncy. 

Special  Gray  Scale.  The  speocial  gray  scale  used  has  the  following 
characteristics: 

(1)  The  area  of  each  step  of  t the  gray  scale  is  large  enough 
that  several  density  meassurements  can  be  made  on  it, 
so  that  the  uniformity  of  • development  over  small  areas 
can  be  determined. 

(2)  The  various  density  steps. s*  are  distributed  at  random  over 
the  plate  to  disclose  syst  jtematic  errors  on  the  tone- 
reproduction  curves.  Usesing  a wedge-type  gray  scale,  a ■ 
nonuniformity  of  developn«nnent  from  one  end  of  the  plate 

to  the  other  might  be  int^erpreted  as  a compressed  ex- 
posure scale.  However,  . with  steps  of  the  gray  scale 
arranged  in  random  ordesr,  this  nonuniformity  would 
show  up  as  scatter  of  poiiints  about  the  tone-reproduction 
curve. 

(3)  A large  number  of  steps  are  provided,  especially  in  the 
low-density  portion  of  th«ae  gray  scale,  so  that  a reasonably 
accurate  tone-reproductij  ion  curve  can  be  obtained  in  spite 
of  undesired  variations  iiin.  the  development  process. 

Figure  10-21  is  a reproductio  on  of  the  gray-scale  transparency  used 
as  tb'--  photographic  original  in  the  s en  sitometric  study.  The  actual  trans- 
parency used  is  twice  the  size  of  thriie  reproduction,  the  standard  exposure 
device  giving  a reduction  of  two  to  < one  in  size.  To  form  the  composite 
subject,  rectangles  cut  from  variouus  densities  of  sheet  film  were  taped 
onto  a glass  plate. 

Schedule  for  Processing  Elecoctrophotogi  aphs.  The  electrical  charac- 
teristics of  selenium  plates  depend  U on  the  conditions  to  which  the  plate  has 
been  subjected  just  prior  to  use.  TT o reduce  the  effect  of  these  factors,  a 
short  study  was  made  of  the  effect  of  previous  use  on  dark-decay  rates  and 
on  light-decay  rates.  The  two  platjtes  used,  9-17-51-D  and  9-18-51-B,  were 
of  the  type  supplied  with  the  Signal  . Corps  electrophotographic  camera. 

After  charging  on  a scorona-type  r ~harging  unit,  using  low  corona  current, 
the  initial  potentials  and  the  potentirial-decay  rates  were  measured  with  the 
vibrating-probe  electrometer,  withrih  the  plate  in  darkness  and  with  the  plate 
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exposed  to  white  light.  The  measurements  were  repeated  at  about  ten- 
minute  intervals,  between  which  the  plates  were  exposed  to  room  light. 

The  first  readings  were  made  after  the  plates  had  been  kept  in  dark- 
ness for  more  than  50  hours.  For  the  test,  the  plates  were  charged  to  an 
initial  potential  of  about  90  volts.  Under  these  conditions,  the  dark-decay 
rates  were  very  low.  After  five  successive  runs,  the  initial  potentials 
accepted  by  both  plates  under  the  charging  conditions  used  dropped  to  about 
70  volts;  the  dark-decay  rates  had  increased  about  five  times,  the  light- 
decay  rates  remained  essentially  unchanged,  and  the  residual  potential  re- 
mained below  two  volts.  The  light  decay  and  the  dark  decay  el  the  plates 
tended  to  level  off  at  these  values.  However,  the  dark-  decay  r ate  of  the 
fifth  run  was  somewhat  greater  than  desired. 

Previously,  it  had  been  shown  that  exposure  of  plate  s to  mliaied 
radiation  sometimes  decreases  the  rate  of  potential  deca  in  darkness. 
Therefore,  the  series  of  tests  was  altered  to  include  irradiation  to  infrared 
for  five  minutes  after  each  complete  cycle  of  charging,  me,  soring  dark- 
decay  and  light-decay  rates,  and  exposure  to  room  light.  Under  these 
conditions,  the  dark-decay  rate  only  increased  to  about  twice  its  original 
rate.  The  infrared  energy  was  provided  by  a 350-watt,  reflector-type  heat 
lamp  covered  with  a red  filter  having  a short-wavelei.gth  ..utoff  at  about 
650  millimicrons,  the  lamp  being  located  about  six  inche.,  above  the  plate. 
Heat  from  the  lamp  increased  the  temperature  of  the  plate  and  it  may  have 
been  this,  rather  than  the  infrared  radiation  itself,  that  produced  the  im- 
provement in  plate  characteristics.  Such  treatment  may  be  detrimental  to 
the  plate,  so  that  it  cannot  be  recommended  as  a usual  procedure.  How- 
ever, as  it  actually  improved  the  reproducibility  of  plate  characteristics, 
it  was  incorporated  into  the  schedule  for  processing  electrophotographs  for 
the  sensitometric  study. 

The  final  scheduling  established  for  sensitometric  tests  is; 

(1)  The  plate  is  irradiated  with  infrared  energy  for  fi\c 
minutes. 

(2)  Immediately  after  irradiation,  the  plate  is  charged  to 
about  80  volts  with  a scorona-type  charging  unit,  using 
low  corona  current. 

(3)  About  15  seconds  after  charging,  the  plate  is  exposed  to 
the  gray-scale  image  for  from  12  to  15  seconds. 

(4)  About  15  seconds  after  exposure,  the  image  is  developed 
with  the  development  unit  which  normally  requires  ten 
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seconds  to  develop  on  average  image,.  A 30-second 
development  period  was  used  to  insure  complete 
development  in  these  tests. 

The  image  is  transferred  to  dye-transfer  paper  and 
the  plate  washed  with  Duponol  and  water,  rinsed  and 
dried,  all  in  such  time  that  the  complete  cycle  re- 
quires ten  minutes. 

(6)  The  cycle  is  repeated  at  least  twice  before  pictures 
for  the  study  are  made. 

First  Results.  In  spite  of  the  precautions  taken  to  insure  plates 
being  treated  the  same  way  for  each  picture  produced,  the  tone-reproduction 
curves  obtained  from  different  exposures  were  not  so  uniform  as  had  been 
hoped.  The  shapes  of  the  curves  were  similar,  but  the  maximum  reflection 
densities  varied  from  1.  1 to  1.  5. 

Figure  10-22  is  a typical  tone-reproduction  curve  for  the  electro- 
photographic process  using  the  powder-cloud  development  unit.  On  this 
graph,  the  points  marked  with  circles  are  for  the  reflection  density  of  the 
final  picture  versus  the  transmission  density  of  the  gray-scale  trans- 
parency. The  points  marked  with  squares  form  the  plot  of  final  picture 
densities  versus  the  negative  logarithm  to  the  base  10  of  the  relative  il- 
luminance incident  on  the  plate,  these  units  being  directly  comparable  to 
density  units.  The  latter  plot  includes  a correction  for  nonuniformity  of 
illumination  of  the  gray  scale  and  for  the  effect  of  flare  light,  as  is  de- 
scribed in  detail  in  the  following  section. 

As  seen  from  Figure  10-22,  the  acceptance  range  of  the  present 
electrophotographic  process  is  about  1.  2 in  units  of  the  logarithm  of  sub- 
ject brightness.  This  range  is  too  short  to  reproduce  detail  both  in  shadow 
and  highlight  areas  for  most  subjects  found  in  nature. 

The  maximum  contrast  of  the  process,  as  represented  in  Figure  10-22, 
is  equivalent  to  a gamma  of  1.-4.  This  value  can  be  altered  by  changing  the 
initial  potential  of  the  plate.  However,  the  usefulness  of  this  technique  for 
changing  gan  tpa  is  limited  because  th-  maximum  density  of  the  picture  is 
also  determined  by  the  initial  potential  of  the  plate.  Thus,  changing  the 
plate  potential  to  give  a gamma  ol  about  1.0  would  result  in  the  maximum 
density  of  the  picture  being  less  than  1.0.  Because  of  this,  electrophoto- 
graphs frequently  are  too  low  in  contrast  and  too  short  in  brightness  range. 

At  the  present  time,  electrophotography  judged  to  be  best  are  those  in- 
volving a compromise  between  contrast  and  the  density  range  of  the  final 
image. 
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FIGURE  10-22.  TYPICAL  TONE-REPRODUCTION  CURVE  FOR  POWDER-CLOUD  DEVELOPMENT  UNIT 
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Nonuniformity  of  Development,  As  seen  in  Figure  10-22,  the  points 
defining  the  tone-reproduction  curves  do  not  lie  on  a smooth  curve. 

Scatter  of  the  points  is  an  indication  of  nonuniformity  in  the  characteristics 
of  some  portion  of  the  electrophotographic  proce  ss--sensitization,  exposure, 
development,  or  perhaps  others.  Some  work  has  been  done  to  determine 
which  of  these  characteristics  is  most  responsible  for  the  nonuniformity 
observed. 

First,  more  precise  determinations  were  made  of  the  actual  amount 
of  light  reaching  the  plate  during  its  exposure  to  the  gray-scale  image.  A 
silver  halide  film  was  exposed  to  the  image  and  then  to  an  auxiliary  step 
wedge  under  known  light  intensities.  A plot  of  the  densities  produced  by  the 
known  light  intensities  constitutes  a characteristic  curve  of  the  film. 

From  this  characteristic  curve,  the  light  intensities  given  by  the  gray- 
scale image  can  be  read. 

Measurements  were  made  only  of  the  relative  intensities  of  the  light 
in  different  density  areas  of  the  image  produced  by  the  standard  exposure 
device.  Therefore,  it  was  not  necessary  to  know  the  absolute  values  of 
light  intensities  in  the  auxiliary  step  wedge,  a contact  exposure  from  a 
gray-scale  step  wedge  of  known  densities  giving  a sufficiently  accurate 
measure  of  the  relative  light  intensities. 

In  the  first  attempt,  photographic  enlarging  paper  was  used,  but  it 
had  an  inadequate  density  range.  Kodak  Commercial  film  was  satisfactory 
and  was  used  for  further  tests. 

Figure  10-23  shows  the  departure  of  the  light  intensities,  as  meas- 
ured from  the  values  that  would  have  been  predicted  if  the  gray-scale  il- 
lumination were  uniform  and  the  lens  system  ideal.  Figure  10-22  includes 
a plot  of  a typical  tone-reproduction  curve  using  values  corrected  by  the 
curve  shown  in  Figure  10-23.  As  shown  there,  the  correction  of  the  light- 
intensity  values  did  not  greatly  reduce  the  scatter  of  the  data. 

Uniformity  of  development  can  be  determined  simply  by  charging  a 
plate  uniformly  to  a potential  somewhat  lower  than  the  usual  potential  for 
making  pictures  and  then  developing  the  plate  without  exposing  it* 

Figure  10-24  is  a reproduction  of  a developed  image  showing  non- 
uniformity  of  development.  Selenium  plate  9-18-51-B  was  charged  to  ap- 
proximately 50  volts  by  passing  the  plate  diagonally  under  the  scorona  unit, 
so  that  any  nonuniformity  of  sensitization  would  show  up  as  diagonal  streaking. 
The  plate  was  then  developed  with  the  powder-cloud  development  unit  for 
30  seconds  and  the  image  transferred  to  moist  dye-transfer  paper.  The 
particular  image  reproduced  in  Figure  10-24,  with  the  grid  work  added  to 
facilitate  measuring  densities,  shows  greater  nonuniformity  than  is  usual 


R A r r c l I.  E 


MEMORIAL 


INSTITUTE 


FIGURE  10-23.  CHARACTERISTICS  OF  STANDARD- EXPOSURE  DEVICE 


RESTRICTED 

1 10  -b 9 H»d  10-70 

I 

I 


98795 

FIGURE  10-24.  IMAGE  DEVELOPED  ON  UNIFORMLY  CHARGED 
PLATE  WITH  POWDER-CLOUD  DEVELOPMENT 
UNIT 
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after  this  procedure.  This  image  was  selected  because  it  exaggerates  the 
type  of  nonuniforrnity  of  development  produced  in  the  powder-cloud  develop- 
ment unit. 

Figure  10-25  is  a contour  pic  of  the  reflection  densities  of  the  image 
shown  in  Figure  10-24.  This  plot  shows  the  characteristic  heavy  dep- 
osition of  powder  in  two  bands  at  the  sides  of  the  image,  the  relatively 
uniform  development  at  the  trailing  edge,  and  the  agglomerated  deposit 
near  the  point  where  the  cloud  flows  from  the  capillary  tube.  The  dark 
bands  at  the  sides  of  the  image  obtained  powder  from  the  portion  of  the 
flow  that  had  become  laminar  before  reaching  the  selenium-coated  area; 
the  lighter  portion  obtained  powder  from  the  flow  that  was  still  somewhat 
turbulent,  that  is,  it  was  still  producing  a heavy  deposit  of  powder  on  the 
brass  backing  plate  when  it  reached  the  edge  of  the  selenium.  This  effect 
can  be  seen  clearly  at  the  bottom  edge  of  the  reproduction  in  Figure  10-25. 


Triboelectric  Charging  of  Powder  Clouds 

The  present  technique  for  developing  continuous-tone  electrophoto- 
graphs involves  passing  a powder  cloud  through  a length  of  metal  capillary 
tubing.  This  procedure  was  conceived  originally  as  a way  of  electrically 
charging  the  particles  in  the  powder  cloud  by  means  of  the  triboelectric 
effect.  More  recently,  the  role  of  the  capillary  tube  appears  to  include 
other  important  functions,  those  of  breaking  up  agglomerates  in  the  powder 
cloud  and  providing  a short  transit  time  from  the  generator  to  the  develop- 
ment region.  Nevertheless,  an  understanding  of  the  effect  of  the  capillary 
tube  is  desirable. 

A number  of  experiments  were  performed  to  obtain  more  information 
about  how  powder  clouds  are  charged  electrically  while  flowing  through 
capillary  tubes.  These  experiments  were  designed  to  show  how  the  electri- 
cal charge  produced  on  the  powder  particles  in  the  cloud  depends  on  tube 
length,  tube  diameter,  and  rate  of  flow. 

The  experimental  arrangement  used  in  these  experiments  consisted 
of  the  disposable-cloth-belt  type  of  powder-cloud  generator,  fitted  with  an 
adapter  so  that  different  sizes  of  stainless  steel  capillary  tubes  could  be 
attached.  The  powdered  charcoal  flowing  from  the  capillary  tubes  was  col- 
lected in  a device  for  measuring  the  electrical  charge  on  the  particles  in 
the  cloud  of  powder.  Capillary  tubes  tested  had  inside  diameters  of:  0.023, 
0.020,  0.016,  and  0,010  inch.  For  each  diameter,  tubes  were  tested  in 
lengths  of:  1,45,  2.  55,  4^  50,  and  7.  85  inches.  The  flow  rates  through  the 
tube  specimens  were  varied  by  applying  gas  pressures  of  2.05,  3.6,  6,3, 

11.  1,  19.  5,  34.  2,  and  60.  0 psi  to  the  powder-cloud  generator.  Not  all  these 
pressures  were  used  with  all  the  specimens,  as,  with  some  of  the  short 
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tubes,  t&i:  higher  pressure's  gave  im  ouvriut-ntly  high  lluw  rates,  and  be- 
cause some  of  the  lower  pressures  did  not  produce  sufficient  electrical 
charge  on  the  powder  cloud  to  be  measured  accurately.  Between  three  and 
eight  readings  were'  made  for  each  set  of  conditions. 

Figure  10-26  is  a plot  of  most  of  the  data  obtained  in  this  series  of 
experiments.  In  this  plot,  the  specific  electrical  charge  of  t1'  • powder, 
that  is,  the  amount  of  electrical  charge  per  unit  weight  of  powder  in  the 
Cloud,  is  plotted  against  the  Reynolds  number  for  the  flow  through  the  dif- 
ferent tubes. 


The  most  obvious  information  obtainable  from  Figure  10-20  is  that 
the  data  are  not  consistent.  The  variations  in  the  electrical  charge  are 
undesirable  in  themselves,  and  they  may  obscure  trends  that  otherwise 
might  have  been  uncovered  in  this  work. 

The  electrical  charge  produced  on  the  powder  cloud  did  not  depend  on 
the  length  of  the  tube  within  the  limits  of  this  test.  The  electrical  charge 
obtained  with  the  tube  1.45  inches  long,  for  a given  diameter  and  a given 
rate  of  flow,  was  about  the  same  as  the  electrical  charge  obtained  from  the 
tube  7.  85  inches  long  for  the  same  rate  of  flow.  This  was  true  for  tubes 
of  all  four  diameters  tested. 


For  a constant  Reynolds  number  for  the  flow  through  the  tubes,  tubes 
having  smaller  diameters  produced  more  electrical  charge  on  the  particles 
of  powder  than  did  the  large  tubes.  For  example,  the  amount  of  electrical 
charge  produced  for  the  same  Reynolds  number  with  flow  through  the  tube 
0.010  inch  in  diameter  was  roughly  twice  that  produced  by  flow  through  the 
tube  0.  020  inch  in  diameter.  The  mean  velocity  of  the  flow  through  the 
smaller  tube  was  twice  that  through  1 ne  larger  tube.  This  observation  sug- 
gests that  the  electrical  charging  may  be  chiefly  a function  of  the  force  with 
which  a particle  strikes  the  wall  of  the  tube,  which,  for  highly  turbulent 
flow  with  a Reynolds  number  much  greater  than  2200,  would  be  proportional 
to  the  mean  velocity  of  flow  through  the  tube. 

The  results  of  these  experiments  suggested  several  modifications  to 
the  high-speed  development  technique.  One  such  modification,  shortening 
the  capillary  tube  used  in  the  development  unit,  has  been  tried.  The  capil- 
lary tube  having  a diameter  of  0.  02  1 inch,  which  was  usually  six  to  eight 
inches  long,  was  shortened  to  1.6  inches.  The  pressure  of  the  Freon  gas 
was  then  reduced  until  the  flow  rate  through  the  shorter  tube  was  about  the 
same  as  with  the  longer  tube.  In  all  other  respects,  the  development  tech- 
nique was  left  unchanged. 


Figure  10-27  is  a reproduction  of  an  electrophotograph  produced 
using  the  capillary  tube  only  1.  6 inches  long.  The  original  of  this  picture 
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FIGURE  10-<i7.  ELECTROPHOTOGRAPH  DEVELOPED  WITH  POWDER- 
CLOUD  UNIT  USING  CAPILLAR  Y TUB  E 1.6  INCHES 
LONG 
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and  all  of  the  electrophotographs  produced  using  the  short  capillary  tube 
are  apparently  similar  in  quality  to  those  obtained  with  the  longer  tube  o* 
the  same  internal  diameter.  As  described  later  in  this  report,  images  of 
very  high  quality  have  been  prepared  using  capillary  tubes  as  short  as  one- 
sixteenth  inch.  The  need  is  evident  for  more  fundamental  information  on 
the  mechanism  of  charging  particles  of  powder  electrically  while  they  are 
suspended  in  a gas. 


Study  of  Characteristics  of  Development  Process 

The  Formation  of  Agglomerates  in  Aerosols.  Deposition  of  large 
particles  of  powder  on  the  plate  during  powder-cloud  development  con- 
stitutes one  of  the  difficulties  yet  to  be  overcome  in  electrophotography. 
These  large  particles,  appearing  on  the  final  prints,  may  be  large  chunks 
of  charcoal  that  existed  in  the  original  powder,  or  they  may  be  agglomerates 
that  either  were  not  broken  up  in  the  capillary  tubes,  or  that  formed  be- 
tween emission  of  the  cloud  from  the  capillary  tubes  and  deposition  of  the 
powder  on  the  electrophotographic  plate.  The  probability  that  agglomeration 
may  be  important  led  to  the  investigation  of  this  general  problem  in  handling 
aerosols.  This  study  is  still  in  progress  and  conclusive  results  cannot  be 
given. 


In  an  aerosol,  the  particles  of  material  are  in  perpetual  "Brownian" 
motion  due  to  continual  molecular  bombardment.  Whether  the  aerosol  is 
at  rest  or  moving,  the  Brownian  motion  provides  ample  opportunity  for 
collisions  between  particles.  In  the  study  of  aerosols,  it  has  been  generally 
assumed  that  all  or  most  of  such  collisions  result  in  a combination  of  the 
two  particles  to  form  an  agglomerate.  This  almost  universal  coalescing  of 
particles  on  contact  may  be  due  to  electrical  forces,  Van  der  Waal  forces, 
or  mechanical  adhesion. 

The  density  of  the  powder  cloud,  the  size  of  the  particles  of  material, 
and  the  time  interval  between  the  forming  and  using  of  the  cloud,  are  only 
a few  of  the  factors  known  to  determine  the  degree  of  agglomeration  in  an 
aerosol.  A number  of  other  factors  are  of  importance. 

When  any  two  particles  collide  and  remain  in  contact,  a primary  ag- 
glomerate is  formed.  This  new  particle  increases  the  heterogeneity  of  the 
aerosol,  and,  since  the  heavier  particle  responds  less  readily  to  Brownian 
forces  than  does  a single  particle,  there  will  exist  a difference  of  velocity 
between  the  lighter  and  the  heavier  particles.  In  this  fashion,  additional 
particles  strike  the  primary  agglomerate  and  adhere  to  it.  If  the  time 
interval  is  long  enough  and  the  electrical  forces  negligible,  the  larger 
particles  may  settle  out,  leaving  a less  densely  populated  volume  in  which 
new  collisions  can  occur. 
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In  1917,  M.  Von  Smoluckowski( 1 1 ) made  a theoretic  al  study  of  the 

process  of  agglomeration  in  aerosols.  Assuming  a homogeneous  distribution 
of  uncharged  particles  and  using  only  the  diffusion  caused  by  Brownian 
movements,  he  arrived  at  an  equation  for  the  rate  at  which  agglomeration 
would  reduce  the  number  of  particles  originally  [-resent  in  the  suspension. 

If  short  periods  of  time  are  considered,  then  this  equation,  with  minor 
changes,  can  be  used  to  determine  the  rate  of  formation  of  primary  two- 
particle  agglomerates  in  the  aerosol.  In  this  form,  the  equation  becomes: 

dn  _ 2RTnof_  . (10-1) 

dt  ” IN/. 

where  R is  the  universal  gas  constant,  n i i the  number  of  agglomerates, 

T is  the  absolute  temperature,  i.-,  : s the  original  number  of  particles  per 
cubic  centimeter,  N is  A v ay.iUr  T" , member,  and  , 1-  the  \ isi  osity  of  the 
gas. 

This  equation  gives  the  minimum  rate  at  which  agglomerates  would 
form  in  an  aerosol.  It  is  interesting  to  note  that  the  rate  is  independent  of 
the  size  of  the  particles  but  s proportional  to  the  square  of  the  number  of 
particles.  The  rate  is  proportional  to  the  first  power  of  the  absolr  * tem- 
perature, which  makes  it  relatively  indepti  clen*  of  normal  temperature 
changes  for  usual  ambient  conditions. 

If  approximate  values  are  substituted  in  liquation  10-1,  an  estimate 
can  be  made  of  a lower  limit  of  agglomeration.  Using  8.31  ergs  per  degree 
centigrade  per  gram  molecular  weight  for  R,  an  absolute  temperature  of 
300  K,  186  x 10-6  poise  for  the  viscosity  of  the  gas,  /i,  and  6.  023  x 10^3 
for  the  number  of  molecules  per  gram  molecular  weight,  Equation  10-1 
becomes: 


= 1.  49  naZ  x 10"10  . (10-2) 

dt 

A value  for  no  can  be  arrived  at  by  logical  assumptions  concerning 
the  powder  used.  The  particles  were  assumed  to  be  2.  5 microns  in  diam- 
eter, and  the  density  of  the  particles  was  estimated  at  1.45  by  noting  that 
the  particles  float  in  a liquid  having  a density  of  1.  50,  but  sink  in  one 
having  a density  of  1,40.  Using  these  data,  and  the  observed  fact  that  in 
the  cloth-belt  powder-cloud  generator,  about  0.  2 milligram  of  powder  is 
blown  into  every  60  cubic  centimeters  of  gas,  there  are  about  2.  8 x 105 
particles  per  cubic  centimeter  of  aerosol.  Using  this  figure  in  Equation 
10-2  gives  a value  of  only  12  agglomerates  formed  per  second  for  each 

(10-1).  Von  Smoluckowski,  M«,  Venuch  einer  maihemadschen  Theotie  dei  Koagulationkinctik  Kolloidcr 
LSsungen:  *.  physik,  Chtm.,  Vol  92,  1917,  pp  129-168. 
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cubic  centimeter  of  aerosol.  This  is  negligibly  small,  which  means  only 
that  there  is  a possibility  that  agglomeration  is  not  a serious  problem  in 
the  practical  case;  it  certainly  does  not  prove  the  absence  of  agglomeration 
from  causes  not  accounted  for  in  this  calculation.  For  example,  this  con- 
sideration takes  no  account  of  the  electrical  charges  known  to  be  present 
on  particles  in  powder-cloud  development. 

The  attempted  calculation  of  agglomeration  in  powder  clouds  was 
considerably  more  difficult  than  anticipated  originally.  Important  factors 
such  as  turbulence  in  the  cloud  and  the  electrical  charge  on  particles  could 
not  be  taken  into  account.  A number  of  tests  were  outlined  to  determine 
how  the  density  of  the  powder  cloud  affects  the  amount  of  agglomeration. 
Images  were  developed  with  the  high-speed,  continuous-tone  powder-cloud 
development  device  and  examined  under  a microscope.  A question  arose 
immediately  as  to  whether  the  large  areas  of  powder  observed  were  large 
single  particles  or  agglomerates  of  smaller  ones.  To  settle  this  question, 
the  size  of  the  original  powder  particles  was  determined  by  making  a series 
of  electron  photomicrographs  of  particles  of  charcoal  which  had  been  ball 
milled  for  48  hours. 


Figure  10-28  is  a typical  example  of  one  of  these  photomicrographs. 
The  particles  seem  to  be  of  all  sizes,  ranging  from  barely  perceptible  ones 
even  at  this  magnification  of  10,  820X,  to  particles  so  large  that  a single 
one  fills  the  entire  field.  A particle  count  and  a particle-size  determination 
were  made  on  ten  different  fields  containing  a total  of  993  countable 
particles.  An  analysis  of  this  count  showed  that  over  90  per  cent  of  the 
powder  particles  had  diameters  of  less  than  one  micron.  This  indicated 
that  most  of  the  powder  comes  from  the  ball  mill  as  small  discrete  particles, 
but  it  did  not  rule  out  the  possibility  of  an  occasional  large  particle.  How- 
ever, not  enough  large  particles  were  observed  to  account  for  the  many 
large  particles  seen  on  developed  electrophotographic  plates. 


Following  ball  milling,  the  powder  was  put  into  a powder-cloud 
generator  which  metered  and  deposited  it  on  a moving  cloth  belt.  To 
determine  if  agglomeration  is  caused  by  the  powder-cloud  generator  it- 
self, photomicrographs  were  made  of  the  output  from  the  generator. 


Figure  10-29  is  a photomicrograph  of  the  powder  as  it  comes  from 
the  original  powder-cloud  generator.  Agglomerates  as  large  as  20  to  30 
microns  appear  in  this  picture,  showing  that  some  agglomeration  occurs 
in  generating  the  powder  cloud.  These  agglomerates  are  approximately  the 
size  of  some  of  the  "pepper"  observed  on  developed  electrophotographs. 


Another  experiment  raised  doubts  as  to  whether  the  original  powder- 
cloud  generator  is  the  main  source  of  agglomerates.  In  this  experiment, 
the  output  of  the  powder-cloud  generator  was  passed  through  a settling 
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chamber  and  then  to  the  device  used  to  coal  the  c Loth  belts  for  the  develop- 
ing apparatus.  "Photomicrographs  were  then  made  of  the  particles  not  re- 
moved by  the  settling  chamber. 

Figure  10-30  shows  the  a r rar.geme-u  user:  separate  the  large  and 

small  particles.  Applying  Store  s'  la  :'<.■•  a n.>  ly  falling  in  a viscous 
medium,  it  was  calculated  that  a v.l-,,;:.i>  u!  Id  li.ct  of  air  per  minute 
passing  through  this  particular  chamber,  carrying  powdered  charcoal 
having  a density  of  approximately  1.-18,  would  « ause  settling  of  particles 
larger  than  five  microns  in  diameter.  Particles  smaller  than  this  would 
pass  through  the  chamber  to  the  device  for  impregnating  the  developer 
belt. 


Figure  10-31  is  a photomicrograph  if  the  powder  as  it  came  from  the 
settling  drum.  Comparing  thi  , figure  with  Figure  10-23,  it  is  obvious  that 
most  of  the  larger  particles  had  been  removed  from  the  cloud  of  passing 
through  the  settling  chamber. 

Particle  counts  and  particle-size  determinations  on  the  samples  used 
for  Figures  10-29  and  10-31  revealed  that  10  per  cent  of  the  powder  particles 
entering  the  settling  chamber  had  diameters  of  five  microns  or  larger, 
while  only  0.  7 per  cent  of  the  particles  leaving  the  chamber  had  a diameter 
larger  than  five  microns. 

Using  the  device  just  described,  two  belts  were  impregnated  with 
charcoal  powder,  one  with  powder  directly  from  the  powder-cloud  gene  itor, 
the  other  with  powder  from  the  settling  drum.  Distinct  differences  were 
observed  between  the  images  developed  with  these  two  different  belts. 

Pictures  developed  with  unseparated  powder  appeared  "normal"  as 
expected.  Pictures  developed  with  the  smaller  particles  showed  excessive 
contrast  and  some  halo  abound  dark  objects.  Both  of  these  characteristics 
have  been  associated  with  low  electrical  charges  on  the  powder  particles. 

A possible  explanation  for  this  low  charge  is  given  later. 

More  important  to  the  study  at  hand  was  the  observation  that  the 
number  of  large  agglomerates  in  the  pictures  developed  with  the  fine 
particies  was  about  the  same  as  in  pictures  developed  with  the  powder  con- 
taining many  larger  particles.  It  was  concluded  that  agglomeration  of  pow- 
der occurs  somewhere  in  the  development  apparatus  or  as  a result  of  the 
powder  being  deposited  on  the  cloth  belt.  Further  study  must  be  made  to 
locate  the  exact  source  of  agglomerates.  But  it  has  now  been  established 
that  the  large  particles  appearing  on  the  print  are  agglomerates,  and  that 
they  are  formed  either  during  the  coating  of  the  belts  or  later  in  the  develop- 
ment procedure. 
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FIGURE  10-28.  ELECTRON  PHOTOMICROGRAPH  OF 
CHARCOAL  BALL  MILLED  FOR  48 
HOURS 
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FIGURE  10-29.  PHOTOMICROGRAPH  OF  POWDER  PARTICLES 
PRODUCED  BY  POWDER-CLOUD  GENERATOR 
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FIGURE  10-30.  POWDER-SETTLING  DEVICE  USED  TO 

REMOVE  LARGE  POWDER  PARTICLES  FROM 
OUTPUT  OF  POWDER-CLOUD  GENERATOR 
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An  explanation  of  the  t i 1 s natter  « t. urges  on  the  finer  particles 
rnay  be  found  in  a recent  .,rti<  '>  , W'„  B.  Kunk<-1  ( cording  to 

Kunkel,  small  p.irtu  les  are  i u.-dinn  r‘  by  he  n nlccules  of  air  and  may  not 
strike  the  capillary  charging  a ir  the  same  n.  inner  or  as  frequently  as 
laiM.  r particles,  and,  heme,  aould  a. quire  a lover  electrical  char^ 

In  general,  the  charge  on  a <•,- . . i<  it  m-  ,r  • , ■ ■ . ( rase  almost  as  the 
square  nt  the  diameter  <n  m-  , , ; 

The  Movement  of  Powder  Far;  teles  m the  Development  Region,  In 
powder-cloud  development,  a powder  image  is  produced  on  the  electro- 
photographic pl.ite  because  electrically  charged  particles  are  drawn  out 
of  the  powder  cloud  by  the  electrical  field  created  between  the  plate  and 
the  development  electrode,  if  the  cloud  were  stationary  during  develop- 
ment of  an  image,  the  motion  of  powder  particles  would  be  simple,  and 
probably  would  not  be  a factor  in  determining  the  quality  of  the  images 
produced.  However,  since  the  cloud  must  move  during  development,  the 
particles  must  describe  curved  trajectories  in  moving  to  the  plate,  and  the 
final  distribution  of  powder  on  the  image  must  be  the  result  of  a complicated 
dynamic  situation. 

In  performing  the  work  reported  in  this  section,  it  was  assumed  that 
an  understanding  of  the  behavior  of  in  hvidnai  particles  of  powder  in  the 
development  zone  would  provide  a better  understanding  of  the  whole  process 
of  powder-cloud  development,  and,  hence,  would  lead  to  practical  improve- 
ments in  powder-cloud  development.  Representing  an  initial  attack  on  the 
problem  of  the  dynamics  of  powder-cloud  development,  the  following  serves 
to  open  the  field  for  future  invest. gation,  ir  addition  to  giving  several 
interesting  and  valuable  results. 

In  a first  approach  to  the  p ohlc-m  i was  assumed  that;  (1)  the 
powder  cloud  moves  in  simple  laminar  flow  between  the  plate  and  the 
development  electrode,  (2)  the  particles  of  powder  are  uniform  in  size  and 
electrical  charge,  (3)  the  motion  of  the  particles  does  not  disturb  the  move- 
ment of  gas,  and  (4)  the  movements  of  the  particles  at  right  angles  to  the 
flow  of  gas  are  completely  independent  cf  their  movement  with  the  laminar 
flow  of  gas.  More-sophisticated  ass  mr.ptions  may  be  possible  later. 

Figure  10-32  shows  the  region  between  the  electrophotographic  plate 
and  the  development  electrode  with  the  parabolic  distribution  of  gas  velocity 
characteristic  of  laminar  flow.  The  origin  of  the  coordinate  system  is 
placed  midway  between  the  plates  for  convenience.  For  this  situation, 
where  vx  is  the  velocity  parallel  to  the  flow  of  the  gas  between  the  plates, 


(10  3).  Kunkel,  W.  B.  , The  Static  Electrification  of  Dust  Pai tides  on  Dispersion  Into  a Cloud;  J.  Applied 
I'!,)-.  . V.,1  til,  August,  1950,  pp  HJ0-83-J. 
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FIGURE  10-31.  PHOTOMICROGRAPH  OF  POWDER  PARTICLES 
LEAVING  CYLINDRICAL  SETTLING  DRUM 
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^ is  the  distance  from  the  center  oi  the  plates  and  at  right  angles  t o the 
plates , 


v 


-ay 


2 


(1 0-1) 


In  this  equation,  a is  an  arbitary  constant  to  be  evaluated  later,  and 
3/2  Vx  is  the  maximum  gas  velocity  between  the  plates  expressed  in 
terms  of  Vx>  the  average  velocity  of  the  gas  between  the  plates  which  can 
be  determined  from  the  total  flow  of  gas  and  the  distance  between  the  plate 
and  the  development  electrode.  The  constant  a can  be  evaluated  by  con- 
sidering that  at  y * Y/2,  vx  * 0,  a a 6Vx/Y^.  The  expression  becomes: 


v 


x “ 


VXY2 


+ 


(10-4) 


FIGURE  10-32.  DISTRIBUTION  OF  GAS  VELOCITY 
BETWEEN  ELECTROPHOTOGRAPHIC 
PLATE  AND  DEVELOPMENT  ELECTRODE 
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In  this  equation,  ^ is  actually  a function  of  time,  t,  and  y * Vyt, 
since  it  is  assumed  that  the  particle  under  consideration  is  moving  parallel 
to  the  ^ axis  with  a uniform  velocity,  Vy.  Using  this  relationship, 

Equation  10-4  becomes: 

vx*^Vxv/^|Vx  • (10-5) 

Now,  the  actual  position,  x,  of  the  particle  starting  from  the  origin  of 
the  coordinate  system  is  given  by: 
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6 y 

y7^ 


t2dt 


dt  + C 


(10-6) 


x 


2 3 


Vy  t 


f t; 


(10-7) 


In  this  equation,  C equals  zero,  because  it  was  assumed  that  x is  zero 
when  t_  is  zero.  Again,  expressing  x in  terms  of  ^ rather  than  in  terms 
of  t_, 

x = - -L  Y3  + y • (10-8) 

Y2  Vy  2 Vy  v ’ 

This  same  equation  will  hold  tor  negative  values  of  ^ since  the  whole 
system  is  symmetrical  with  respec  t to  the  midplane  between  the  two  plates. 

To  obtain  numerical  results  from  Equation  10-8,  it  is  necessary  to 
know  values  for  _Y,  the  space  between  the  electrophotographic  plate  and  the 
development  ele  ctrode;  V x,  the  mean  velocity  of  gas  flowing  in  the  develop- 
ment regions;  and  V y , the  velocity  o.  the  p.-rtu  le  normal  to  the  plate  as 
produced  by  the  electrical  field  resulting  from  the  electrical  charge  on  the 
electrophotographic  image. 

Although  calculated  m a subsequent  section  of  this  report,  the  fol- 
lowing values  of  these  constants  will  be  used  here  to  preserve  continuity  in 
the  practical  implications  of  the  present  calculations  — Vy  = 58  centimeters 
per  second,  Vx  » 450  centimeters  per  second,  and  _Y  = o7o~38  centimeter. 
Using  these  constants,  Equation  10-8  becomes: 

x * - 107  30 /y 3 + 1 1.  62  y . (10-9) 


Figure  10-33  shows  a plot  of  the  results  of  this  equation  for  the  case 
of  powder  flowing  between  an  electrophotographic  plate  and  a development 
electrode.  According  to  these  assumptions,  powder  moves  as  far  as  three 
millimeters  past  the  edge  of  an  electrically  charged  area  of  the  plate.  How- 
ever, it  must  be  remembered  that  this  represents  only  a transient  con- 
dition, and  that,  as  soon  as  powder  builds  up  on  the  plate,  the  electrical 
field  between  the  plate  and  the  development  electrode  is  reduced  until  it 
approaches  zero  for  complete  development.  In  this  case,  the  flow  of  pow- 
der is  seriously  altered.  Again,  powder  will  not  continue  to  move  toward 
the  plate  after  the  powder  passes  beyond  the  boundary  of  an  electrically 
charged  area. 
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This  calculation  represent  tnr  first  attempt  to  study  the  dynamics 
of  powder-cloud  development.  It  is  h<  prd  that  further  calc ul;xt ion s and  ex- 
perimental verifications  will  give  greater  undt  r standing  C)f  the  process  and 
lead  to  practical  improvements. 

Electrical  Charge  on  Particles.  From  past  measurement?  of  powder 
particles,  it  is  reasonable  to  assume  a particle  diameter  of  two  microns 
and  a specific  electrical  charge  of  40  microcoulombs  per  grain  of  developer 
powder.  To  find  the  weight  of  a single  particle  of  powder,  it  is  necessary 
to  know  the  density  of  the  material.  This  was  determined  as  approximately 
1.45  by  finding  that  particles  float  in  a liquid  having  a density  of  1.  50  but 
sink  in  a liquid  having  a density  of  1.40.  Using  the  figure  of  1.  45,  the 
mass  of  a two-micron  paiticie  was  calculated  to  be  6.  1 x 10“  1*-  gram,  or 
there  are  1.64  x 10^  partn  1 ks  per  gram  of  powder.  From  this  number, 
it  can  be  calculated  that  there  is  an  electrical  charge  of  14.  4 x 10" 
coulomb  per  particle.  Arbitrarily,  it  was  assumed  that  the  particles  to 
be  studied  would  have  three  times  the  amount  of  this  charge,  this  factor 
being  used  to  allov  for  j • j r t i • les  having  zero  or  reverse-polarity  electrical 
charges.  With  this  facto-,  tin;  charge  on  the  particle  is  16  x 10~6 
electrostatic  unit. 

Using  a potent  . a!  ; n p i GO  volt.,  across  the  space  of  0.  038  centi- 
meter between  the  eiectropholt  gi  aphic  plate  and  the  development  electrode 
gives  a potential  gr:  dient  which  would  produce  8.  75  dynes  force  on  a unit 
charge  in  the  field.  T his,  combined  with  the  figure  for  the  charge  on  the 
particle  of  powder,  gi  *u,  force  of  l,8fJ  x lO""-’  dyne  on  the  average 
particle. 

A brief  calculali  »•  • 1 <■_  av  ta..o  i,i,  • >i  ,.i_  on  this  pa rticle  showed 

it  to  be  negligible  n ^ ui.tj-  .’••  on  .*  ,rh  tu e electrical  force. 

To  calculate  the  velocity  of  motion  m the  de  velopment  zone,  a 
modification  of  Stokes'  i iw  was  used  in  the  form 

(10-10) 

Km 

where  F is  the  drag  on  the  particle  in  dynes,  £_  is  the  viscosity  of  the  fluid, 
v is  the  velocity  of  the  particle,  D is  the  diameter  of  the  particie,  and  Km 
is  a correction  factor  whose  value  is  1.08  for  the  size  of  partic  le  involved 
here. 


Solving  Equation  10-10  for  the  velocity  of  the  particle  using  the  above 
values,  gives  58  centimeters  per  second  for  the  velocity  of  the  particle 
moving  toward  the  plate  in  the  development  region.  It  is  interesting  to  note 
that,  at  this  velocity,  only  about  0.  7 millisecond  will  be  required  for  the 
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particle  to  travel  the  whole  distance  between  the  development  electrode 
and  the  plate,  Even  so,  c ab  illations  reported  above  indicate  that  the 
particle  would  have  moved  about  three  millimeters  along  the  plate  during 
its  travel  through  the  development  zone. 

Velocity  of  the  Gas  in  the  Development  Zone.  From  previous  data 
on  the  amount  of  gas  flowing  from  the  development  zone,  it  can  be  cal- 
culated that  the  average  velocity  of  the  gas  in  this  region  is  about  450  centi- 
meters per  second. 


Prevention  of  Unwanted  Deposition  of  Powder 

Constant-Velocity  Transition  Zone.  In  the  high-speed  development 
unit,  transition  between  the  turbulent  flow  in  the  capillary  tube  and  the 
laminar  flow  in  the  development  region  is  carried  out  in  a simple,  relatively 
effective  device.  However,  this  device  does  not  distribute  the  powder 
cloud  uniformly  and  it  collects  a large  quantity  of  powder.  It  had  been  pro- 
posed that  this  accumulation  of  powder  might  be  prevented  if  the  transition 
from  turbulent  to  laminar  flow  could  be  carried  out  in  two  separate  steps. 

The  first  step  would  be  a constant-velocity  transition  from  turbulent 
to  laminar  flow,  accomplished  by  using  a fishtail-shaped  transition  section 
of  constant  cross-section  area  to  pass  from  the  circular  tube  to  a flat, 
rectangular  tube.  No  powder  should  deposit  in  this  region  because  of  the 
high  velocity  of  the  air  flow.  The  second  step  would  be  a transition  from 
the  high-velocity  laminar  flow  to  the  low  velocity  of  gas  useful  in  develop- 
ing electrophotographs.  No  powder  should  deposit  in  this  region  because 
of  the  laminar  flow. 

This  type  of  transition  zone  has  been  tested  and  found  only  partly 
satisfactory.  The  device  constructed  to  test  this  type  of  transition  was 
formed  by  clamping  together  two  plates  of  cold-rolled  steel  3/6  inch  thick, 
about  6 inches  wide  by  15  inches  long.  Shims  of  the  proper  thickness  and 
shape  were  placed  between  the  edges  of  the  two  plates  to  form  the  desired 
fishtail-shaped  ducts.  The  plates  were  clamped  together  with  1 /4-inch 
screws  spaced  one  inch  apart  to  insure  the  plates  being  well  seated  on  the 
shims.  The  surfaces  of  the  plates  were  smoothed  with  emery  cloth  and 
polishing  paper  to  remove  any  rough  spots  or  burrs. 

Figure  10-34  is  a sketch  showing  the  internal  dimensions  and  shape 
of  the  fishtail  duct.  The  design  of  the  duct  is  somewhat  arbitrary.  Except 
for  the  important  considerations  that,  in  the  first  part  of  the  duct,  the 
cross-sectional  area  must  be  kept  roughly  constant  and  that,  throughout 
the  device,  the  direction  and  velocity  of  the  flow  must  not  change  rapidly, 
the  design  was  governed  largely  by  duct  thicknesses  that  could  be  produced 
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FIGURE  10-34.  INTERNAL  CONFIGURATION  OF  FISHTAIL  DUCT 
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by  a slight  deformation  of  rigid  steel  plates.  The  duct  was  intended  to 
operate  using  a powder  cloud  of  charcoal  in  air  flowing  at  free  — air-flow 
rates  of  less  than  six  liters  per  minute.  Approximate  values  of  the  Reynolds 
number  are  noted  in  Figure  10-34  for  several  points  along  the  duct.  These 
values  are  for  a free-air-flow  rate  of  about  five  liters  per  minute. 

Testing  the  device  consisted  of  passing  a powder  cloud  through  it  for 
a minute  or  longer  and  then  dismantling  the  device  for  inspection.  In 
every  trial,  inspection  revealed  some  accumulation  of  powder  in  the  duct. 
Some  powder  deposited  rather  uniformly  in  the  cross-hatched  region  shown 
in  Figure  10-34.  This  deposition  suggests  that  the  diffuser  portion  of  the 
duct  expanded  too  rapidly  to  preserve  laminar  flow.  Presumably,  this  dif- 
ficulty might  be  overcome  by  lengthening  the  duct.  A more  troublesome 
deposition  of  powder  occurred  in  the  high-velocity,  laminar-flow  portion  of 
the  duct.  There,  for  unknown  reasons,  islands  of  powder  formed  slowly, 
eventually  bridging  the  narrow  gap  between  the  plates  and  causing  pro- 
nounced streaking.  However,  no  simple  change  in  the  design  will  eliminate 
this  difficulty.  For  this  reason,  and  since  modifications  of  the  device  to 
eliminate  deposition  in  the  diffuser  section  would  lead  to  a rather  cumber- 
some device  requiring  high  air  pressures,  no  further  work  on  this  device 
is  warranted  at  this  time. 

Porous-Plate  Development  Electrode.  In  the  high-speed  development 
unit,  the  most  objectionable  deposits  of  unwanted  powder  occur  where  the 
powder  emerges  from  the  capillary  tubing  and  impinges  on  the  plate  and  on 
the  development  electrode.  This  deposition  possibly  could  be  prevented  by  ' 
blowing  air  through  the  back  of  a porous  metal  electrode  into  the  develop- 
ment chamber. 

To  try  this,  a portion  of  the  development  electrode  was  replaced  by  a 
sheet  of  porous  stainless  steel(l)  0.032  inch  thick.  During  the  develop- 
ment process,  air  was  blown  through  this  porous  plate  into  the  development 
chamber  and  a jet  of  powder  from  the  capillary  tube  was  arranged  to  im- 
pinge directly  onto  this  porous  plate.  The  amount  of  powder  deposited  on 
the  porous  plate  was  reduced  substantially  when  air  was  passing  through 
the  plate.  However,  some  powder  did  deposit  on  the  plate.  Microscopic 
examination  of  the  porous  steel  plate  revealed  that  the  pores  occupied  only 
about  one-fifth  of  the  total  area  of  the  plate  surface  and  that  the  pores 
were  as  much  as  0.  005  inch  apart.  A material  having  a greater  porosity 
undoubtedly  would  give  better  results,  but  such  a material  has  not  been  ob- 
tained. Two  other  manufacturers  were  contacted,  but  their  products  had 
still  lower  porosities. 

If  powder  were  fed  into  the  development  chamber  parallel  to  the 
development  electrode  rather  than  directly  against  it,  the  present  porous 
material  might  give  satisfactory  results.  This  approach  has  not  been 
investigated. 

(1)  Manufactured  by  the  Micro  Metallic  Corporation.  30  Sea  Cliff  Avenue.  Glen  Cove.  New  York. 

■PATTEILE  MEMORIAL  INSTITUTE 

RESTRICTED 


RESTRICTED 

1<| -7  > 


tubes,  tlret  h i j*  h e r pressures  gave  inconveniently  high  flow  rates,  and  be- 
cause some  of  the  lower  pressures  did  not  produce  suffic  ient  electrical 
charge  on  the  powder  cloud  to  be  measured  accurately*  Between  three  and 
eight  readings  were  made  for  each  set  of  conditions. 

Figure  10-26  is  a plot  of  most  of  the  data  obtained  in  this  series  of 
experiments.  In  this  plot,  the  specific  electrical  charge  of  tv  • powder, 
that  is,  the  amount  of  electrical  charge  per  unit  weight  of  powder  in  the 
cloud,  is  plotted  against  the  Reynolds  number  for  the  flow  through  the  dif- 
ferent tubes. 

The  most  obvious  information  obtainable  from  Figure  10-20  is  that 
the  data  are  not  consistent.  The  variations  in  the  electrical  charge  are 
undesirable  in  themselves,  and  they  may  obscure  trends  that  otherwise 
might  have  been  uncovered  in  this  work. 

The  electrical  charge  produced  on  the  powder  cloud  did  not  depend  on 
the  length  of  the  tube  within  the  limits  of  this  test.  The  electrical  charge 
obtained  with  the  tube  1.45  inches  long,  for  a given  diameter  and  a given 
rate  of  flow,  was  about  the  same  as  the  electrical  charge  obtained  from  the 
tube  7.  85  inches  long  for  the  same  rate  of  flow.  This  was  true  for  tubes 
of  all  four  diameters  tested. 


For  a constant  Reynolds  number  for  the  flow  through  the  tubes,  tubes 
having  smaller  diameters  produced  more  electrical  charge  on  the  particles 
of  powder  than  did  the  large  tubes.  For  example,  the  amount  of  electrical 
charge  produced  for  the  same  Reynolds  number  with  flow  through  the  tube 
0,010  inch  in  diameter  was  roughly  twice  that  produced  by  flow  through  the 
tube  0.  020  inch  in  diameter.  The  mean  velocity  of  the  flow  through  the 
smaller  tube  was  twice  that  through  'he  larger  tube.  This  observation  sug- 
gests that  the  electrical  charging  may  be  chiefly  a function  of  the  force  with 
which  a particle  strikes  the  wall  of  the  tube,  which,  for  highly  turbulent 
flow  with  a Reynolds  number  much  greater  than  2200,  would  be  proportional 
to  the  mean  velocity  of  flow  through  the  tube. 

The  results  of  these  experiments  suggested  several  modifications  to 
the  high-speed  development  technique.  One  such  modification,  shortening 
the  capillary  tube  used  in  the  development  unit,  has  been  tried.  The  capil- 
lary tube  having  a diameter  of  0.  02  3 inch,  which  was  usually  six  to  eight 
inches  long,  was  shortened  to  1.  6 inches.  The  pressure  of  the  Freon  gas 
was  then  reduced  until  the  flow  rate  through  the  shorter  tube  was  about  the 
same  as  with  the  longer  tube.  In  all  other  respects,  the  development  tech- 
nique was  left  unchanged. 


Figure  10-27  is  a reproduction  of  an  electrophotograph  produced 
using  thf  capillary  tube  only  1.6  inches  long.  The  original  of  this  picture 
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FIGURE  10-26.  ELECTRICAL  CHARGING  OF  POWDER  PARTICLES  IN 
CLOUD  BY  FLOW  THROUGH  CAPILLARY  TUBING 
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-27.  ELECTROPHOTOGRAPH  DEVELOPED  WITH  POWDER- 
CLOUD  UNIT  USING  CAPILLARY  TUBE  1.6  INCHES 
LONG 
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and  all  of  the  elei  trophotogr aphs  prodm  ed  using  tin*  short  capillary  tube 
are  apparently  similar  in  ipjality  to  those  obtained  with  the  longer  tube  o. 
the  same  internal  diameter.  As  de.sc  ribed  later  in  this  report,  images  of 
very  high  quality  have  been  prepared  using  capillary  tubes  as  short  as  one- 
sixteenth  inch.  The  need  is  evident  for  more  fundamental  information  on 
the  mechanism  of  charging  particles  ol  powder  electrically  while  they  are 
suspended  in  a gas. 


Study  of  Characteristics  of  Development  Process 

The  Formation  of  Agglomerates  in  Aerosols*  Deposition  of  large 
particles  of  powder  on  the  plate  during  powder-cloud  development  con- 
stitutes one  of  the  difficulties  yet  to  be  overcome  in  electrophotography. 
These  large  particles,  appearing  on  the  final  prints,  may  be  large  chunks 
of  charcoal  that  existed  in  the  original  powder,  or  they  may  be  agglomerates 
that  either  were  not  broken  up  in  the  capillary  tubes,  or  that  formed  be- 
tween emission  of  the  cloud  from  the  capillary  tubes  and  deposition  of  the 
powder  on  the  electrophotographic  plate.  The  probability  that  agglomeration 
may  be  important  led  to  the  investigation  of  this  general  problem  in  handling 
aerosols.  This  study  is  still  in  progress  and  conclusive  results  cannot  be 
given. 


In  an  aerosol,  the  particles  of  material  are  in  perpetual  "Brownian" 
motion  due  to  continual  molecular  bombardment.  Whether  the  aerosol  is 
at  rest  or  moving,  the  Brownian  motion  provides  ample  opportunity  for 
collisions  between  particles.  In  the  study  of  aerosols,  it  has  been  generally 
assumed  that  all  or  most  of  such  collisions  result  in  a combination  of  the 
two  particles  to  form  an  agglomerate.  This  almost  universal  coalescing  of 
particles  on  contact  may  be  due  to  electrical  forces,  Van  der  Waal  forces, 
or  mechanical  adhesion. 

The  density  of  the  powder  cloud,  the  size  of  the  particles  of  material, 
and  the  time  interval  between  the  forming  and  using  of  the  cloud,  are  only 
a few  of  the  factors  known  to  determine  the  degree  of  agglomeration  in  an 
aerosol.  A number  of  other  factors  are  of  importance. 

When  any  two  particles  collide  and  remain  in  contact,  a primary  ag- 
glomerate is  formed.  This  new  particle  increases  the  heterogeneity  of  the 
aerosol,  and,  since  the  heavier  particle  responds  less  readily  to  Brownian 
forces  than  does  a single  particle,  there  will  exist  a difference  of  velocity 
between  the  lighter  and  the  heavier  particles.  In  this  fashion,  additional 
particles  strike  the  primary  agglomerate  and  adhere  to  it.  If  the  time 
interval  is  long  enough  and  the  electrical  forces  negligible,  the  larger 
particles  may  settle  out,  leaving  a less  densely  populated  volume  in  which 
new  collisions  can  occur. 
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In  1917,  M.  Von  Smol uckowski( 1 1 ) mud<-  u theoretical  study  of  the 

process  of  agglomeration  in  aerosols.  Assuming  a homogeneous  distribution 
of  uncharged  particles  and  using  only  the  diffusion  caused  by  Brownian 
movements,  he  arrived  at  ar.  equation  for  the  rate  at  which  agglomeration 
would  reduce  the  number  of  particles  originally  [.resent  in  the  suspension. 

If  short  periods  of  time  are  considered,  then  tin:  equation,  with  minor 
changes,  can  be  used  to  determine  the  rate  of  to rm.it ion  of  primary  two- 
particle  agglomerates  in  the  aerosol.  In  this  form,  the  e [nation  becomes: 

dn  _ 2RT  ri(/  (10-1) 

dt  ” IN’  " ' 

where  R is  the  universal  gas  constant,  n is  the  number  of  agglomerates, 

T »s  the  absolute  temper  at  n r«  : the  ,.r  qi.ual  rm.ber  of  particles  per 

cubic  centimeter,  N is  Avaw.ur  7T' . n.  n i be  r , and  is  the  im  osity  of  the 
gas. 

This  equation  gives  the  nriur.vm  rate  at  which  agglomerates  would 
form  in  an  aerosol.  It  is  inter,  sting  to  note  that  the  rate  is  independent  of 
the  size  of  the  particles  but  « p:  oportional  to  the  square  of  the  number  of 
particles.  The  rate  is  proportional  to  the  first  power  of  the  absole  t tem- 
perature, which  makes  it  relatively  indepe l d'-, a of  normal  temperature 
changes  for  usual  ambient  conditions. 

If  approximate  values  are  substituted  in  liquation  10-1,  an  estimate 
can  be  made  of  a lower  limit  of  agglomeration.  Using  8.31  ergs  per  degree 
centigrade  per  gram  molecular  weight  for  R,  an  absolute  temperature  of 
300  K,  186  x 10“ ^ poise  for  the  viscosity  of  the  gas,  ft,  and  6.  023  x 10^3 
for  the  number  of  molecules  per  gram  molecular  weight,  Equation  10-1 
becomes: 


= 1.  49  nQZ  x 10“10  . (10-Z) 

dt 

A value  for  no  can  be  arrived  at  by  logical  assumptions  concerning 
the  powder  used.  The  particles  were  assumed  to  be  2.  5 microns  in  diam- 
eter, and  the  density  of  the  particles  was  estimated  at  1.43  by  noting  that 
the  particles  float  in  a liquid  having  a density  of  1.  50,  but  sink  in  one 
having  a density  of  1,40.  Using  these  data,  and  the  observed  fact  that  in 
the  cloth-belt  powder-cloud  generator,  about  0.  2 milligram  of  powder  is 
blown  into  every  60  cubic  centimeters  of  gas,  there  are  about  2.  8 x 10^ 
particles  per  cubic  centimeter  of  aerosol.  Using  this  figure  in  Equation 
10-2  gives  a value  of  only  12  agglomerates  formed  per  second  for  each 

(10*1).  Von  Stnoluckowski,  M. , Vcrsuch  einer  mathematischen  Theorie  det  Koagulationkinetik  Kolloider 
tosungen:  i.  physik,  Chun.,  Vol  9*2,  1917,  pp  129-IG8. 
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cubic  centimeter  of  aerosol.  This  is  negligibly  small,  which  means  only 
that  there  is  a possibility  that  agglomeration  is  not  a serious  problem  in 
the  practical  case;  it  c ertainly  does  not  prove  the  absence  of  agglomeration 
from  causes  not  accounted  for  in  this  calculation.  For  example,  this  con- 
sideration takes  no  account  of  the  electrical  charges  known  to  be  present 
on  particles  in  powder-cloud  development. 

The  attempted  calculation  of  agglomeration  in  powder  clouds  was 
considerably  more  difficult  than  anticipated  originally.  Important  factors 
such  as  turbulence  in  the  cloud  and  the  electrical  charge  on  particles  could 
not  be  taken  into  account.  A number  of  tests  were  outlined  to  determine 
how  the  density  of  the  powder  cloud  affects  the  amount  of  agglomeration. 
Images  were  developed  with  the  high-speed,  continuous-tone  powder-cloud 
development  device  and  examined  under  a microscope.  A question  arose 
immediately  as  to  whether  the  large  areas  of  powder  observed  were  large 
single  particles  or  agglomerates  of  smaller  ones.  To  settle  this  question, 
the  size  of  the  original  powder  particles  was  determined  by  making  a series 
of  electron  photomicrographs  of  particles  of  charcoal  which  had  been  ball 
milled  for  48  hours. 


Figure  10-28  is  a typical  example  of  one  of  these  photomicrographs. 
The  particles  seem  to  be  of  all  sizes,  ranging  from  barely  perceptible  ones 
even  at  this  magnification  of  10,  820X,  to  particles  so  large  that  a single 
one  fills  the  entire  field.  A particle  count  and  a particle-size  determination 
were  made  on  ten  different  fields  containing  a total  of  993  countable 
particles.  An  analysis  of  this  count  showed  that  over  90  per  cent  of  the 
powder  particles  had  diameters  of  less  than  one  micron.  This  indicated 
that  most  of  the  powder  comes  from  the  ball  mill  as  small  discrete  particles, 
but  it  did  not  rule  out  the  possibility  of  an  occasional  large  particle.  How- 
ever, not  enough  large  particles  were  observed  to  account  for  the  many 
large  particles  seen  on  developed  electrophotographic  plates. 


Following  ball  milling,  the  powder  was  put  into  a powder-cloud 
generator  which  metered  and  deposited  it  on  a moving  cloth  belt.  To 
determine  if  agglomeration  is  caused  by  the  powder-cloud  generator  it- 
self, photomicrographs  were  made  of  the  output  from  the  generator. 


Figure  10-29  is  a photomicrograph  of  the  powder  as  it  comes  from 
the  original  powder-cloud  generator.  Agglomerates  as  large  as  20  to  30 
microns  appear  in  this  picture,  showing  that  some  agglomeration  occurs 
in  generating  the  powder  cloud.  These  agglomerates  are  approximately  the 
size  of  some  of  the  "pepper"  observed  on  developed  electrophotographs. 


Another  experiment  raised  doubts  as  to  whether  the  original  powder- 
cloud  generator  is  the  main  source  of  agglomerates.  In  this  experiment, 
the  output  of  the  powder-cloud  generator  was  passed  through  a settling 
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chamber  and  then  to  the  device  used  to  co.it  the  cloth  belts  for  the  develop- 
ing apparatus.  -"Photomicrographs  were  then  made  of  the  particles  not  re- 
moved by  the  settling  chamber. 

Figure  10-30  shows  the  . rrangoneu  1 *.»-*■'  '<>  separate  the  large  and 
small  particles.  Applying  St. > ••'  ! >.  < j.  1.  fulling  in  a viscous 

medium,  it  was  calculated  tht  a v.  l;  c ( ol  air  per  minute 

passing  through  this  par!  icular  ■ i:.im  be  - . . »ir**y  ir*j>  powdered  < harcoal 
having  a density  of  approximately  1 . •!  S would  < ause  settling  c>f  particles 
larger  than  five  microns  in  diameter.  Particles  smaller  than  this  would 
pass  through  the  chamber  to  the  <h  vi  for  impregnating  the  developer 
belt. 


Figure  10-31  is  a photonm  r <>;•  -aph  ;t  t'a  powder  as  it  came  from  the 
settling  drum.  Comparing  tht  ;igure  with  Figure  10-23,  it  is  obvious  that 
most  of  the  larger  particles  hud  been  removed  from  the  cloud  of  passing 
through  the  settling  chamber. 

Particle  counts  and  particle-size  determinations  on  the  samples  used 
for  Figures  10-29  and  10-31  revealed  that  10  per  cent  of  the  powder  particles 
entering  the  settling  chamber  had  diameters  of  five  microns  or  larger, 
while  only  0.  7 per  cent  of  the  particles  leaving  the  chamber  had  a diameter 
larger  than  five  microns. 

Using  the  device  just  described,  two  belts  were  impregnated  with 
charcoal  powder,  one  with  powder  directly  from  the  powder-cloud  gene  itor, 
the  other  with  powder  from  the  settling  drum.  Distinct  differences  were 
observed  between  the  images  developed  with  these  two  different  belts. 

Pictures  developed  with  unseparated  powder  appeared  "normal"  as 
expected.  Pictures  developed  with  the  smaller  particles  showed  excessive 
contrast  and  some  halo  a.ound  dark  objects.  Both  of  these  characteristics 
have  been  associated  with  low  electrical  charges  on  the  powder  particles. 

A possible  explanation  for  this  low  charge  is  given  later. 

More  important  to  the  study  at  hand  was  the  observation  that  the 
number  of  large  agglomerates  in  the  pictures  developed  with  the  fine 
-particles  was  about  the  same  as  in  pictures  developed  with  the  powder  con- 
taining many  larger  particles.  It  was  concluded  that  agglomeration  of  pow- 
der occurs  somewhere  in  the  development  apparatus  or  as  a result  of  the 
powder  being  deposited  on  the  cloth  belt.  Further  study  must  be  made  to 
locate  the  exact  source  of  agglomerates.  But  it  has  now  been  established 
that  the  large  particles  appearing  on  the  print  are  agglomerates,  and  that 
they  are  formed  either  during  the  coating  of  the  belts  or  later  in  the  develop- 
ment procedure. 
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FIGURE  10-28. 


ELECTRON  photomicrograph  OF 
CHARCOAL  BALL  MILLED  FOR  48 
HOURS 
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FIGURE  10-29.  PHOTOMICROGRAPH  OF  POWDER  PARTICLES 
PRODUCED  BY  POWDER-CLOUD  GENERATOR 
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FIGURE  10-30. 


>0WDER“ SETTLING  DEVICE  USED  TO 
REMOVE  LARGE  POWDER  PARTICLES  FROM 
HJTPUT  OF  POWDER-CLOUD  GENERATOR 
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An  explanation  of  the  .,u  p < '•  I s nailer  < l arges  on  the  finer  particle* 
may  be  tound  in  a recent  artu  '»  1/  W ..  b.  Kunkc ! U 0-Z).  A',  c urrlmg  to 
Kunkel,  am  all  particle*  are  nnlu.n  by  h<  molecules  of  air  and  may  not 
strike  the  capillary  charging  'n'n  m rhc  ‘■■..■■me  to  tuner  or  as  frequently  as 
latger  particles,  and,  hence,  Tuuld  ..quirt  a lover  electrical  char^ 

In  general,  the  charge  on  a p.  o '<  c • r • r*  ase  almost  as  the 

square  of  the  diameter  > »1  In*  ; 

The  Movement  of  Powder  i-hir;  icle*  in  the  Development  Region.  In 
powder-cloud  development,  a powder  image  is  produced  on  the  electro- 
photographic plate  because  electrically  charged  particles  are  drawn  out 
of  the  powder  cloud  by  the  elm  trical  field  created  betjveen  the  plate  and 
the  development  electrode.  If  '.he  cloud  were  slationary  daring  develop- 
ment of  an  image,  the  motion  of  powdur  particles  would  be  simple,  and 
probably  would  not  be  a factor  m determining  the  quality  of  the  images 
produced.  However,  since  the  cloud  must  move  during  development,  the 
particles  must  describe  curved  trajectories  in  moving  to  the  plate,  and  the 
final  distribution  of  powder  on  the  image  must  be  the  result  of  a complicated 
dynamic  situation. 

In  performing  the  work  reported  in  this  section,  it  was  assumed  that 
an  understanding  of  the  behavior  of  in  hcid.al  particles  of  powder  in  the 
development  zone  would  provide  a better  understanding  of  the  whole  process 
of  powder-cloud  development,  and,  hence,  would  lead  to  practical  improve- 
ments in  powder-cloud  development.  Representing  an  initial  attack  on  the 
problem  of  the  dynamics  of  powder-cloud  envelopment,  the  following  serves 
to  open  the  field  for  future  incest. nation.  ir  addition  to  giving  several 
interesting  and  valuable  result  ;. 

In  a first  approach  to  the  p obi  cm  t was  assumed  that:  (1)  the 
powder  cloud  moves  in  simple  laminar  flow  between  the  plate  and  the 
development  electrode,  (Z)  the  particles  of  powder  are  uniform  in  size  and 
electrical  charge,  (3)  the  motion  of  the  particles  does  not  disturb  the  move- 
ment of  gas,  and  (4)  the  movements  oi  the  particles  at  right  angles  to  the 
flow  of  gas  are  completely  independent  cf  their  movement  with  the  laminar 
flow  of  gas.  More-sophisticated  ass  m.ptions  may  be  possible  later. 

Figure  10-3Z  shows  the  region  between  the  electrophotographic  plate 
and  the  development  electrode  with  the  parabolic  distribution  of  gas  velocity 
characteristic  of  laminar  flow.  The  origin  of  the  coordinate  system  is 
placed  midway  between  the  plates  for  convenience.  For  this  situation, 
where  vx  is  the  velocity  parallel  to  the  flow  of  the  gas  between  the  plates, 


(10  2).  Kunkel,  W.  B.  , The  Static  Electrification  of  Oust  Panicles  on  Dispersion  Into  a Cloud:  J.  Applied 
rl.yn.  , Vo l August,  1950,  pp  rt.20-8.VJ. 
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FIGURE  10-31.  PHOTOMICROGRAPH  OF  POWDER  PARTICLES 
LEAVING  CYLINDRICAL  SETTLING  DRUM 
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is  the  distance  iron)  the  center  ol  the  plates  <ni<!  at  right  angles  to  the 
plates , 


vx  = -ay^ 


(10-J) 


In  this  equation,  a is  an  arbitary  constant  to  be  evaluated  later,  and 
3/2  Vx  is  the  maximum  gas  velocity  between  the  plates  expressed  in 
terms  of  Vx>  the  average  velocity  of  the  gas  between  the  plates  which  can 
be  determined  from  the  cotal  flow  of  gas  and  the  distance  between  the  plate 
and  the  development  electrode.  The  constant  a can  be  evaluated  by  con- 
sidering that  at  y a Y/2,  vx  = 0,  a = 6Vx/Y^.  The  expression  becomes: 


v 


X 


~ VXY2  + 


(10-4) 


FIGURE  10-32.  DISTRIBUTION  OF  GAS  VELOCITY 
BETWEEN  ELECTROPHOTOGRAPHIC 
PLATE  AND  DEVELOPMENT  ELECTRODE 

4-22B9 


In  this  equation,  is  actually  a function  of  time,  t , and  y * Vyt, 
since  it  is  assumed  that  the  particle  under  consideration  is  moving  parallel 
to  the  £ axis  with  a uniform  velocity,  Vy.  Using  this  relationship, 

Equation  10-4  becomes: 

vx  = ’ yT  VxVy2t2  +|  Vx  • (10-5) 

Now,  the  actual  position,  x,  of  the  particle  starting  from  the  origin  of 
the  coordinate  system  is  given  by: 
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X mj Vxdt  = - ~^VX  Vy lJ t2dt  + ~ Vxy^dt  + C , 
or, 

X = - -j-Vk  V y^t  ^ + | "7x1  f c:  . (10-7) 


In  this  equation,  C equals  zero,  because  it  was  assumed  that  x is  zero 
when  t is  zero.  Again,  expressing  x in  terms  of  rather  than  in  terms 
of  t_, 

x = - -4  — Y3  + - — Y • (10-8) 

Y2  Vy  2 Vy 

This  same  equation  will  hold  tor  negative  values  of  since  the  whole 
system  is  symmetrical  with  respect  to  the  midplane  between  the  two  plates. 

To  obtain  numerical  results  from  Equation  10-8,  it  is  necessary  to 
know  values  for  Y_,  the  space  between  the  electrophotographic  plate  and  the 
development  electrode;  Vx,  the  mean  velocity  of  gas  flowing  in  the  develop- 
ment regions;  and  the  iclo.nty  w the  p.  rtn  1«*  normal  to  the  plate  as 

produced  by  the  electrical  fund  requiring  1'smi  th<-  elec  trical  charge  on  the 
electrophotographic  image. 

Although  calculated  in  a subsequent  section  of  this  report,  the  fol- 
lowing values  of  these  constants  will  be  used  here  to  preserve  continuity  in 
the  practical  implications  of  the  present  calculations  — Vy  = 58  centimeters 
per  second,  Vx  * 450  centimeters  per  second,  and  _Y  = 0.  038  centimeter. 
Using  these  constants,  Equation  10-8  becomes: 

x . - 10730/^3  + 1 1. 62  y . (10-9) 

Figure  10-33  shows  a plot  of  the  results  of  this  equation  for  the  case 
of  powder  flowing  between  an  electrophotographic  plate  and  a development 
electrode.  According  to  these  assumptions,  powder  moves  as  far  as  three 
millimeters  past  the  edge  of  an  electrically  charged  area  of  the  plate.  How- 
ever, it  must  be  remembered  that  this  represents  only  a transient  con- 
dition, and  that,  as  soon  as  powder  builds  up  on  the  plate,  the  electrical 
field  between  the  plate  and  the  development  electrode  is  reduced  until  it 
approaches  zero  for  complete  development.  In  this  case,  the  flow  of  pow- 
der is  seriously  altered.  Again,  powder  will  not  continue  to  move  toward 
the  plate  after  the  powder  passes  beyond  the  boundary  of  an  electrically 
charged  area. 
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This  calculation  represent  tne  attempt  to  study  the  dynamics 

of  powder-cloud  development.  It  is  Imped  that  further  calculations  and  ex- 
perimental verifications  will  give  greater  understanding  of  the  process  and 
lead  to  practical  improvement-^ 

Electrical  Charge  on  Particles.  From  past  measurements  of  powder 
particles,  it  is  reasonable  to  assume  a particle  diameter  of  two  microns 
and  a specific  electrical  charge  of  40  microcoulombs  per  gram  of  developer 
powder.  To  find  the  weight  of  a single  particle  of  powder,  it  is  necessary 
to  know  the  density  of  the  material.  This  was  determined  as  approximately 
1.  45  by  finding  that  particles  float  in  a liquid  having  a density  of  1.  50  but 
sink  in  a liquid  having  a density  of  1.  40.  Using  the  figure  of  1.  45,  the 
mass  of  a two-micron  paiticle  was  calculated  to  be  6.  1 x 10“  ^ gram,  or 
there  are  1.04  x IQ11  partnl  -s  per  gram  of  powder.  From  this  number, 
it  can  be  calculated  that  there  is  an  electrical  charge  of  24.  4 x 10“17 
coulomb  per  particle.  Arbitrarily,  it  was  assumed  that  the  particles  to 
be  studied  would  have  three  times  the  amount  of  this  charge,  this  factor 
being  used  to  allov  for  pu  titles  having  Kero  or  reverse-polarity  electrical 
charges.  With  this  facto:,  the  charge  on  the  particle  is  2.  16  x 10“^ 
electrostatic  unit. 

Using  a potential  nrep  i.i‘  100  volts  a ;ross  the  space  of  0.  038  centi- 
meter between  the  electrophotographic  plate  and  the  development  electrode 
gives  a potential  gr^  dier.t  which  would  produce  8.  75  dynes  force  on  a unit 
charge  in  the  field.  This,  combined  with  the  figure  for  the  charge  on  the 
particle  of  powder,  gi  es  a force  of  1.89  x 10“^  dyne  on  the  average 
particle. 

A brief  calculatin'  i > < <_  u\  , ta.ms.K  :orcc  on  this  particle  showed 
it  to  be  negligible  in  compa m .on  .»  i rh  the  electrical  force. 

To  calculate  the  velocity  ol  motion  a:  the  dt  -vlopment  zone,  a 
modification  of  Stckes'  1 iw  was  used  in  the  form 

F.-tautt,  (io-io) 

Km 

where  F is  the  drag  on  the  particle  in  dynes,  £_  is  the  viscosity  of  the  fluid, 
v is  the  velocity  of  the  particle,  _D  is  the  diameter  of  the  particle,  and  Km 
is  a correction  factor  whose  value  is  1.  08  for  the  size  of  particle  involved 
here. 


Solving  Equation  10-10  for  the  velocity  of  the  particle  using  the  above 
values,  gives  58  centimeters  per  second  for  the  velocity  of  the  particle 
moving  toward  the  plate  in  the  development  region.  It  is  interesting  to  note 
that,  at  this  velocity,  only  about  0.  7 millisecond  will  be  required  for  the 
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particle  to  travel  the  whole  distance  between  the  development  electrode 
and  the  plate.  Even  so,  calculations  reported  above  indicate  that  the 
particle  would  have  moved  about  three  millimeters  along  the  plate  during 
its  travel  through  the  development  zone. 

Velocity  of  the  Gas  in  the  Development  Zone.  From  previous  data 
on  the  amount  of  gas  flowing  from  the  development  zone,  it  can  be  cal- 
culated that  the  average  velocity  of  the  gas  in  this  region  is  about  450  centi- 
meters per  second. 


Prevention  of  Unwanted  Deposition  of  Powder 

Constant-Velocity  Transition  Zone.  In  the  high-speed  development 
unit,  transition  between  the  turbulent  flow  in  the  capillary  tube  and  the 
laminar  flow  in  the  development  region  is  carried  out  in  a simple,  relatively 
effective  device.  However,  this  device  does  not  distribute  the  powder 
cloud  uniformly  and  it  collects  a large  quantity  of  powder.  It  had  been  pro- 
posed that  this  accumulation  of  powder  might  be  prevented  if  the  transition 
from  turbulent  to  laminar  flow  could  be  carried  out  in  two  separate  steps. 

The  first  step  would  be  a constant-velocity  transition  from  turbulent 
to  laminar  flow,  accomplished  by  using  a fishtail-shaped  transition  section 
of  constant  cross-section  area  to  pass  from  the  circular  tube  to  a flat, 
rectangular  tube.  No  powder  should  deposit  in  this  region  because  of  the 
high  velocity  of  the  air  flow.  The  second  step  would  be  a transition  from 
the  high-velocity  laminar  flow  to  the  low  velocity  of  gas  useful  in  develop- 
ing electrophotographs.  No  powder  should  deposit  in  this  region  because 
of  the  laminar  flow. 

This  type  of  transition  zone  has  been  tested  and  found  only  partly 
satisfactory.  The  device  constructed  to  test  this  type  of  transition  was 
formed  by  clamping  together  two  plates  of  cold-rolled  steel  3/6  inch  thick, 
about  6 inches  wide  by  1 5 inches  long.  Shims  of  the  proper  thickness  and 
shape  were  placed  between  the  edges  of  the  two  plates  to  form  the  desired 
fishtail-shaped  ducts.  The  plates  were  clamped  together  with  1 /4-inch 
screws  spaced  one  inch  apart  to  insure  the  plates  being  well  seated  on  the 
shims.  The  surfaces  of  the  plates  were  smoothed  with  emery  cloth  and 
polishing  paper  to  remove  tiny  rough  spots  or  burrs. 

Figure  10-34  is  a sketch  showing  the  internal  dimensions  and  shape 
of  the  fishtail  duct.  The  design  of  the  duct  is  somewhat  arbitrary.  Except 
for  the  important  considerations  that,  in  the  first  part  of  the  duct,  the 
cross-sectional  area  must  be  kept  roughly  constant  and  that,  throughout 
the  device,  the  direction  and  velocity  of  the  flow  must  not  change  rapidly, 
the  design  was  governed  largely  by  duct  thicknesses  that  could  be  produced 
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FIGURE  10-34.  INTERNAL  CONFIGURATION  OF  FISHTAIL  DUCT 
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by  a slight  deformation  of  rigid  steel  plates.  The  duct  was  intended  to 
operate  using  a powder  cloud  of  charcoal  in  air  flowing  at  free-air-flow 
rates  of  less  than  six  liters  per  minute.  Approximate  values  of  the  Reynolds 
number  are  noted  in  Figure  10-34  for  several  points  along  the  duct.  These 
values  are  for  a free-air-flow  rate  of  about  five  liters  per  minute. 

Testing  the  device  consisted  of  passing  a powder  cloud  through  it  for 
a minute  or  longer  and  then  dismantling  the  device  for  inspection.  In 
every  trial,  inspection  revealed  some  accumulation  of  powder  in  the  duct. 
Some  powder  deposited  rather  uniformly  in  the  cross-hatched  region  shown 
in  Figure  10-34.  This  deposition  suggests  that  the  diffuser  portion  of  the 
duct  expanded  too  rapidly  to  preserve  laminar  flow.  Presumably,  this  dif- 
ficulty might  be  overcome  by  lengthening  the  duct.  A more  troublesome 
deposition  of  powder  occurred  in  the  high-velocity,  laminar-flow  portion  of 
the  duct.  There,  for  unknown  reasons,  islands  of  powder  formed  slowly, 
eventually  bridging  the  narrow  gap  between  the  plates  and  causing  pro- 
nounced streaking.  However,  no  simple  change  in  the  design  will  eliminate 
this  difficulty.  For  this  reason,  and  since  modifications  of  the  device  to 
eliminate  deposition  in  the  diffuser  section  would  lead  to  a rather  cumber- 
some device  requiring  high  air  pressures,  no  further  work  on  this  device 
is  warranted  at  this  time. 

Porous-Plate  Development  Electrode.  In  the  high-speed  development 
unit,  the  most  objectionable  deposits  of  unwanted  powder  occur  where  the 
powder  emerges  from  the  capillary  tubing  and  impinges  on  the  plate  and  on 
the  development  electrode.  This  deposition  possibly  could  be  prevented  by  ‘ 
blowing  air  through  the  back  of  a porous  metal  electrode  into  the  develop- 
ment chamber. 


To  try  this,  a portion  of  the  development  electrode  was  replaced  by  a 
sheet  of  porous  stainless  steel(l)  0.032  inch  thick.  During  the  develop- 
ment process,  air  was  blown  through  this  porous  plate  into  the  development 
chamber  and  a jet,of  powder  from  the  capillary  tube  was  arranged  to  im- 
pinge directly  onto  this  porous  plate.  The  amount  of  pcwder  deposited  on 
the  porous  plate  was  reduced  substantially  when  air  was  passing  through 
the  plate.  However,  some  powder  did  deposit  on  the  plate.  Microscopic 
examination  of  the  porous  steel  plate  revealed  that  the  pores  occupied  only 
about  one-fifth  of  the  total  area  of  the  plate  surface  and  that  the  pores 
were  as  much  as  0.  005  inch  apart.  A material  having  a greater  porosity 
undoubtedly  would  give  better  results,  but  such  a material  has  not  been  ob- 
tained. Two  other  manufacturers  were  contacted,  but  their  products  had 
still  lower  porosities. 


If  powder  were  fed  into  the  development  chamber  parallel  to  the 
development  electrode  rather  than  directly  against  it,  the  present  porous 
material  might  give  satisfactory  results.  This  approach  has  not  been 
investigated. 

(1)  Manufactured  by  the  Micro  Metallic  Corporation.  30  Sea  Cliff  Avenue,  Glen  Cove,  New  York. 
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Heated  Development  Electrode.  Because  of  known  effects  of  thermal 
gradients  on  the  motions  of  powder  particles,  attempts  were  made  to  reduce 
the  amount  of  powder  deposited  on  the  development  electrode  by  creating 
a thermal  gradient  between  it  and  the  electrophotographic  plate  during  the 
development  procedure.  Three  temperatures  were  used:  the  electrode 
was  heated  to  130  F,  held  at  80  F,  and  cooled  to  40  F.  In  all  cases,  the 
electrophotographic  plate  was  at  80  F On  observing  the  amounts  of  pow- 
der deposited  on  the  electrode  in  the  tl  iee  cases,  no  differences  attributable 
to  the  thermal  gradients  could  b<-  observed.  It  is  assumed  that  other, 
stronger  forces,  resulting  f*om  the  high  velocity  of  the  air  and  the  electri- 
cal field,  masked  any  effect  of  the  thermal  gradient.. 

Device  for  Impregnating  Cloth  Belt  With  Powder 

A cloth  belt  impregnated  with,  oo^dere  j charcoal(l)  is  used  with  the 
powder-cloud  generator  of  the  high-speed  development  unit.  The  cloth 
belt  originally  used  in  this  generator  consisted  of  a strip  of  cotton  flannel 
72  inches  long  and  about  1-1/4  inches  wide,  into  which  powdered  charcoal 
had  been  brushed  by  hand.  This  technique  for  impregnating  the  cloth  belts 
produced  belts  which  were  entirely  satisfactory,  but  it  has  a number  of 
limitations.  The  amount  of  powder  forced  into  the  cloth  depends  on  the 
person  preparing  the  belt,  on  the  way  he  handles  the  brush,  and  on  the 
vigor  with  which  he  brushes. 

To  eliminate  these  variables,  an  automatic  machine  was  built  for 
impregnating  cloth  belts  with  powder.  It  consists  of  an  arrangement  for 
blowing  the  powder  cloud  produced  by  a disc-type  powder-cloud  generator 
through  the  cloth  belt  at  a low  enough  velocity  that  most  of  the  powder 
particles  deposit  in  the  cloth. 

Figure  10-35  is  a photograph  of  the  belt-impregnating  device.  The 
mechanism  has  a constant-speed  capstan  for  driving  the  cloth  belt;  two 
spool  holders,  one  driven  through  a slipping  clutch,  the  other  arranged  to 
provide  tension  for  the  belt  by  means  of  a friction  brake;  and  a powder- 
cloud-supply  tube  ending  at  a rectangular  orifice  in  the  smooth,  cylindrical 
plate  over  which  the  belt  is  pulled.  The  impregnating  device  is  used  with 
the  cloth-disc-type  powder-cloud  generator(2).  The  amount  of  powder 
forced  into  the  cloth  can  be  varied  by  changing  the  speed  of  rotation  of  the 
disc  in  the  powder-cloud  generator  or  the  rate  at  which  the  cloth  belt  moves. 
At  present,  belts  are  fed  twice  through  the  device.  The  device  works  well, 
and  eliminates  the  human  element  in  preparing  powder-impregnated  belts. 

(1)  Final  rrogress  Report,  December  31,  1951,  pages  1-92  and  1-93. 

(2)  Final  Ui'p, hi,  December  31,  1951,  pages  1 -86  and  1 -37. 
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FIGURE  10-35.  DEVICE  FOR  IMPREGNATING 
CLOTH  BELTS  WITH  POWDER 


ATTELl.  E MEMORIAL  INSTITUTE 

RESTRICTED 


RESTRICTED 


is 

'i  , 


10-98 


New  Type  of  Powder-Olbud  'Generator 

ft  ' 

I j ■ VV ; 

A potentially  sipplp  q>.etho,dubi  producing  • powder  cloud  involves 
spray  vaporization  o/j  avdispersidnUof  charcoal  powder  in  liquid  Freon  12. 
This  method  was  umvs^bie  in  the  Mlqcific  form  tested,  although  it  might 
be  satisfactory  under  other- '''cdnditilvSs.  - " n’ 

l!  ,;,y^  ,r  ''  - , " • 

The  method  y ■as  tested  by  cbvS^tructing  a Sin  all  F reon  bomb  from  a 
six-inch  length  of  f'w o - irtc h - di  am e t e\\  pipe,  to  the  base  of  which  was  fixed 
an  outlet  tube  and /control  val  ve  lead.-ng  to  an  orifice  0.  004  inch  in  diameter 
or  to  an  8.  0-inch/iengtfi  of  0.  ;02f>-inqvj-di^meter  capillary  tubing.  The 
bomb  was  filled  with  liquid  Freon  12}l  to  which  had  been  added  one  per 
cent  by  weight  of  pulverized  charcoal,'  This 


equal  to  the  conc  entration  of  the  poy/rff c 
pictures.  ’ V, 


concenti-ation  is  approximately 
louds  used  in  developing  good  ■■ 


f*m . , 


In  the  of  the  bo^nb-ty^e  geii'e r,ctv.g‘r , the  valve  was  opened 

so  that  the  liquid. J-i version  under  full !lboml>;pres,sure  was  supplied  to  the 
orifice  and  the  tube.  'The.IcF;vid  produtbd  consisted  of  two  components,  a 
well-dispersed  cloud  of  charcoaTpk/pi and  a spray  of  droplets  of  the 
mixture  of  liquid  Freon  and  charcoal.  If  'the  cutout  of  the  generator  was 
directed  at  a white  card  one  foot  away  from  :the  orifice,  the  card  was 
enveloped  in  a cloud  of  fine  particles,  biit  it  would  also  be  weli  spattered 
with  spots  formed  by  the  comparatively  l.ji  he  droplets  of  liquid  Freon. 


Freon  droplets  are  present  in  the  stream  because  the  enthalpy  of 
liquid  Freon  is  considerably  less  than  its  heat  of  vaporization.  Conse- 
quently the  stream  of  Freon  leaving  the  orifice  will  vaporize  explosively 
at  first,  breaking  the  stream  into  droplets^  this  explosive  vaporization 
stops  as  soon  as  the  liquid  is  cooled  to  its  boiling  point.  In  the  case  of 
Freon  12,  this  temperature  will  be  r eached-  when  less  than  one- thud  of  the 
liquid  in  the  stream  has  vaporized.  After  that,  th®, comparatively  slow 
process  of  evaporation  from  the  surface  of  the  droplets  v vpo  ^iv.v  th'e  ';V  ^ 
Freon,  a process  which  would  not  tend  to  br  yaV-U . ebdhopie  ts.  Two 
things  might  be  done  to  overcome  this  difficul  , ‘ (l ) the  Freon-charcoal 
dispersion  might  be  heated  enough  to  vaporize  all  the  Freon,  which  would 
require  raising  the  temperature  of  the  mixture  to  about  100  C and  using 
pressures  of  several  hundred  pounds  per  square  inch,  or  (2)  the  mixture 
might  be  heated  after  spraying.  In  the  latter  case,  it  might  not  be  possible 
to  transfer  the  required  amount  of  heat  during  the  relatively  short  time 
available. 


One  attempt  to  heat  the  Freon  as  it  was  vaporizing  consisted  of  re- 
leasing the  liquid  dispersion  through  a capillary  tube  instead  of  from  an 
orifice.  Here  it  was  hoped  that  the  dispersion  could  acquire  heat  from  the 
capillary  tube  as  the  dispersion  moved  along  the  tube  under  gradually 
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decreasing  pressures.  Here  again,  a large  proportion  of  the  spray  con- 
sisted of  liquids  droplets,  ^nd  the  number  of  droplets  was  not  appreciably 
decreased  by  Heating  the  dapillary  tube  electrically  until  it  was  hot  to  the 


touch. 


/• 


' : 

Other  arrangements  involved  spraying  the  mixture  into  a small  cham- 
ber to  which  .was  attached  a'  short  capillary  tube.  However,  with  this  ar- 
rangement, /,he  system  soon  ^clogged,  apparently  because  of  the  powder 
remaining  wnen  the  spray  droplets  evaporated  on  the  walls  of  the  chamber. 

■ o 

A promising  modification  of  this  method  involves  substituting  liquid 
carbon  dioxide  for:  Freon  12,  !Xhe  enthalpy  of  liquid  carbon  dioxide  should 
be  great  enough  that  the  would  vaporize  before  its  temperature  drops 

i".'1:;  ui,'/-57  C.  /Such  an  arrangement  would  require  a thick- 

a tirnlar  to  flic  cylinders  used  for  carbon  dioxide  fire  ex- 

. ..  !,>•>•  o - • o'-  7 U 

tinguishers. ’ • Such  an  siFiarigement  has  not  been  tested. 


ear  its  tifi 

”"^58 

w,at 


Microm.'.hifold  Development  Dev  c e 

..  ■,  i •• 

Ir  earlier  studiesO)  of  the  charging  of  powder  clouds  flowing  through 
capilla  'y  tubes,  the  charging  of  ti  e powder  cloud  was  found  independent  of 
the  length  of  the  tubes,  for  constant  flow  rates.  Also,  the  quantity  of 
charge  generated  on  the  particles  of  the  cloud  was  roughly  proportional  to 
the  average  velocity  of  flow,  at  least  when  the  flow  was  turbulent.  These 
considerations  suggested  that  powd  r particles  might  be  charged  using  a 
row  of  short  capillary  dvo’L'-yi  small  diameter  instead  of  the  long  capillary 
tube  used  ear1’!-,..  6Uch  a "micr orr.'anifold"  of  capillary  ducts  might  have 
the  ; radic  al  advantages  of  increasing  the  uniformity  of  development  across 
the  width  of  the  plate,  and  of  making  it  possible  to  design  development 
devices  for  processing  much  wider  plates  than  the  four-inch  span  develop- 
able with  the  single  capillary  tube.  Also,  such  a micromanifold  might 
reduce  the  clogging  problem,  or  at  least  restrict  unwanted  deposition  of 
powder  to  areas  which  are  easy  to  clean.  The  micromanifold  developed 
at  Battelle  appears  to  possess  these  advantages. 


The  internal  diameter  of  the  capillary  ducts  in  such  a micromanifold 
was  originally  conceived  as  being  perhaps  0.  002  inch  to  0.003  inch.  How- 
ever, because  it  was  comparatively  easy  to  fashion  the  ducts  by  casting 
metal  around  wire  of  0.  0035-inch  diameter  and  then  withdrawing  the  wire, 
the  device  was  designed  around  this  size. 


(1)  Seventh  Qurterly  Progress  Report  to  The  Haloid  Company  on  "Continuous ‘Tone  Electrostatic  Electro* 
photography",  March  31.  1952. 
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To  insure  turbulent  flow  through  the  small  tubes,  a Reynolds  number 
of  8000  was  selected  for  the  flow.  The  flow  rate  necessary  to  produce  such 
a Reynolds  number  was  calculated  from  the  conventional  equation 

NRe=f£D,  (10-11) 

where  NRe  is  Reynolds  number,  £ is  the  density  of  the  fluid  (in  g/cm^,  for 
instance),  V is  the  average  velocity  of  the  flow  (in  cm/ sec),  D is  the  dvict 
diameter  (in  cm),  and  £ is  the  absolute  viscosity  (in  poises  or  in  dyne- 
sec  /cm  2). 


This  equation  has  been  converted  into  a specific  form  for  convenience 
in  making  calculations  by  substituting  for  the  average  velocity  the  value  in- 
dicated by  the  equation  relating  velocity  and  flow  rate  in  a circular  cross- 
section  tube  giving: 


(10-12) 

where  F is  the  flow  rate  (cm^/sec).  For  this  equation,  the  variables  of 
flow  rate  and  tube  diameter  were  converted  to  units  used  in  the  laboratory 
measurements,  and  values  were  substituted  for  the  density  and  viscosity 
of  Freon  12  at  27  C and  atmospheric  pressure.  These  were  4.92  x 10“3 
g/cm3  for  the  density  and  1.  25  x 10"*  poise  for  viscosity.  The  resulting 
equation  is: 


N 


Re 


330 


*F12 


(10-13) 


where  fF12  is  the  flow  rate  in  liters/min  of  Freon  12,  and  d is  the  internal 
diameter  of  the  duct  in  inches. 


Another  equation  used  frequently  and  derived  in  the  same  manner 
relates  Reynolds  number  to  the  flow  rate  of  Freon  12  between  parallel 
plates: 


N 


Re 


*F  12 

520  , 

w 


(10-14) 


where  fF12  is  the  flow  rate  in  liters/min  of  Freon  12,  and  w is  the  width 
in  inches  of  the  flow  stream  — not  the  interplate  distance. 


and 


Similar  formulas  for  dry  air  at  27  C and  atmospheric  pressure  are; 

fa 

NRe*55-0-^’  (10-15) 


N 


Re 


86.  0 


w 


RATTELLE  MEMORIAL  INSTITUTE 

RESTRICTED 


(10-16) 


10-101 


where  fa  is  the  flow  rate  in  liters/min  of  dry  air. 

Using  Equation  10-13  and  values  for  tube  diameter  and  Reynolds  num- 
ber of  0.0035  inch  and  8000,  respectively,  the  flow  rate  required  was  found 
to  be: 

, NRed  /in  17v 

fF12--j27’or  tl0“17) 


f 


F 12 


8000  x 0. 0035 
329 


a 0.  085  1 /min  . 


(10-18) 


It  follows  directly  from  the  above  calculations  that,  in  order  to  supply 
the  12  liters  of  gas  per  minute  used  in  the  single-tube  development  unit, 
there  would  be  required  12/0.  085  or  142  ducts  across  the  four-inch  width 
of  the  development  region,  or  about  35  ducts  per  inch. 

The  maximum  length  of  the  ducts  to  pass  0.  085  liter  of  gas  per 
minute,  without  requiring  pressures  greater  than  60  psi  as  available  from 
the  cylinder  of  Freon,  may  be  calculated  by  relating  pressure  difference 
to  flow  rate,  length  of  tube,  and  tube  diameter.  In  the  case  of  turbulent 
flow  through  relatively  smooth  tubes,  an  empirical  relation  is: 

lf2 

P*k^,  (10-19) 

where  £ is  the  pressure  difference,  is  the  length  of  the  tube,  f is  the 
flow  rate  through  the  tube,  and  k is  a coefficient  depending  on  friction. 
Assuming  the  cast  ducts  have  about  the  same  smoothness  as  the  drawn 
hypodermic-needle  tubing,  data  from  the  pressure  drop  through  hypodermic- 
needle  tubing  can  be  used  to  determine  a usable  length  for  the  cast  ducts. 

The  following  values,  measured  using  hypodermic-needle  tubing,  were 
substituted  in  Equation  10-19:  f * 2.  3 liters  per  minute,  d * 0.  023  inch, 

1 ■ 4.  5 inches,  and  p = 34.  4 psi.  This  gives  a value  of  9.  3 x 10*9  for  k. 
Now,  solving  for  and  using  60  psi  as  a practical  maximum  for  the  pres- 
sure and  0.  0035  inch  as  the  inside  diameter  of  the  duct,  we  get: 

1 * 9.  3 xP10*9  f 2 ’ (10-20) 


. (60)  (0.  0035)5 

" (9.  3 x 10-9)  (0.  085)^ 


(10-21) 


1 ■ 0.  47  inch  . (10-22) 

This  is  a pratical  maximum  for  the  length  of  the  duct.  The  pressure  re- 
quired is  proportional  to  the  length  of  the  tube,  so  that  a tube  only  one-third 
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as  long,  about  0.  16  inch  long,  would  require  only  20  psi  to  produce  a flow 
rate  of  0.  085  liter  per  minute  of  Freon  12. 

A trial  micromanifold  was  made  to  specifications  differing  slightly 
from  those  just  given.  This  manifold  was  one  inch  long  and  contained  30 
ducts,  each  0.  0035  inch  in  diameter  spaced  0.  031  inch  apart.  The  micro- 
manifold width  and  therefore  the  duct  length,  was  0.  1 inch.  Designed  to 
be  one  of  the  three  walls  between  the  plate  and  development  electrode 
bounding  the  development  region,  the  micromanifold  was  made  0.  030  inch 
thick,  the  spacing  between  the  plate  and  electrode. 

The  micromanifold  was  made  by  first  forming  a grid  with  32  wires 
to  the  inch.  Then,  two  strips  of  brass,  each  one  inch  long,  0.  1 inch  wide, 
and  0.01  inch  thick,  were  pressed  together  with  the  grid  between,  using  a 
force  of  about  20,000  pounds.  The  brass  strips  then  were  soldered  to- 
gether and  the  wires  pulled  out. 

Figure  10-36  is  a sketch  of  the  arrangement  used  to  test  the  micro- 
manifold. This  arrangement  was  not  designed  as  a practical  development 
device,  but  merely  to  test  whether  or  not  the  micromanifold  would  charge 
and  deagglomerate  the  powder  cloud.  The  powder  cloud  is  conveyed  from 
the  cloth  belt  to  the  micromanifold  through  a comparatively  large  conduit 
which,  because  of  the  low-velocity  flow,  would  collect  much  powder. 

Figure  10-37  is  a reproduction  of  a picture  produced  with  this  test 
arrangement  in  a development  time  of  ten  seconds  using  Freon  12  at  50  psi 
with  powdered  charcoal.  The  quality  of  the  picture  is  comparable  with  the 
best  quality  produced  with  the  single-tube  developing  unit.  The  original 
had  the  brown  tone  associated  with  the  fine-grain  pictures  produced  with 
well-electrified  charcoal. 

An  interesting  indication  of  the  effectiveness  of  the  micromanifold 
was  given  in  one  test  in  vhich  the  plate  was  accidently  sealed  improperly 
to  the  micromanifold.  In  this  case,  the  powder  cloud  leaked  into  the 
development  region  without  passing  through  the  capillary  ducts  and  developed 
a picture  with  the  black  color,  the  halo,  and  background  deposits  charac- 
teristic of  pictures  made  with  poorly  charged  and  agglomerated  powder. 

Powder  still  deposited  at  the  outlets  of  the  ducts.  In  fact,  there  ap- 
pears to  be  about  the  same  quantity  as  obtained  with  the  single-tube  unit. 
However,  the  powder  is  deposited  where  it  can  be  cleaned  from  the  electrode 
when  the  plate  is  changed. 

Deposition  of  powder  near  the  inlet  side  of  the  ducts  is  caused  by  the 
low-velocity  turbulent  flow  in  that  region.  In  a practical  development  unit, 
this  would  be  overcome  by  making  the  conduit  to  the  capillary  ducts  a 
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high-velocity  region,  or  by  generating  the  cloud  at  the  inlets  of  the  capil- 
lary ducts.  However,  because  of  the  smallness  of  the  ducts  as  compared 
with  the  rectangular  slot  used  in  the  present  cloth-belt-type  powder-cloud 
generator,  there  was  some  question  as  to  whether  a flow  of  gas  into  a hole 
0.  0035  inch  in  diameter  would  remove  much  powder  from  a belt.  In  order 
to  resolve  this  question,  the  existing  powder-cloud  generator  was  modified 
to  provide  a take-off  device  having  a tube  of  0.  0035-inch  internal  diameter 
touching  the  cloth  belt.  The  tube  was  about  0.  3 inch  long,  and,  after 
various  pressures  had  been  applied  to  the  generator,  it  was  found  that  40 
psi  was  needed  to  produce  a flow  rate  of  0.  085  liter  per  minute.  This 
checks  well  with  the  calculated  value  of  38  psi,  using  the  value  of  k deter- 
mined for  a hypodermic  needle.  The  concentration  of  the  powder  in  the 
cloud,  0.  15  per  cent  to  0.  30  per  cent  by  weight,  was  somewhat  lower  than 
the  concentration  obtained  with  larger  tubes--from  0.4  per  cent  to  1.  0 per 
cent  by  weight.  However,  in  the  arrangement  used  to  measure  the  amount 
of  powder  produced  by  the  modified  generator,  a substantial  fraction  of  the 
powder  was  deposited  on  the  walls  of  the  short  tube  leading  to  the  collecting 
device,  so  that  the  numbers  obtained  are  not  valid.  Such  a generator  should 
produce  sufficiently  concentrated  powder  clouds  for  rapid  development  of 
continuous -tone  electrophotographs. 


Practical  Multitube  Development  Device 

Use  of  a single  capillary  tube  in  the  high-speed  development  device 
is  limited  to  developing  a plate  not  more  than  four  inches  wide.  During 
1952,  some  effort  was  applied  to  designing  a unit  that  would  be  applicable 
to  developing  larger  plates. 

Previous  work  had  shown  that,  when  the  powder  cloud  entered  the 
development  chamber  at  more  than  one  point,  streaks  occurred  on  the  image 
wherever  the  adjacent  streams  of  powder  impinged  on  one  another.  How- 
ever, using  the  micromanifold  arrangement  described  above,  streaking  ap- 
peared near  the  outlets  of  the  tubes  but  the  streams  of  powder  quickly 
merged  to  give  a uniform  flow  of  powder  cloud  through  the  development 
region. 

To  collect  additional  data  on  the  manner  in  which  the  streams  of  pow- 
der merge,  a device  was  built  in  which  several  tubes  were  fed  from  the 
powder-cloud  generator  and  the  effective  spacing  of  the  tubes  at  the  develop- 
ment chamber  could  be  varied  from  0.  5 inch  to  4.  0 inches  in  increments  of 
0.  5 inch.  The  values  chosen  for  tube  diameter,  tube  length,  and  maximum 
number  of  tubes  were  the  results  of  computations  similar  to  those  described 
in  the  preceding  section  of  this  report.  It  was  assumed  that  the  total  flow 
through  the  development  region  should  be  0.  5 liter  per  second,  that  the 
velocity  of  the  cloud  through  any  tube  should  be  approximately  1000  feet 
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FIGURE  10-37,  ELECTROPHOTOGRAPH  DEVELOPED  WITH  MICRO 
MANIFOLD  TEST  ARRANGEMENT 
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per  second,  and  that  air  would  be  used  at  40  psi.  With  this  information, 
families  of  curves  were  plotted  giving  the  number  of  tubes  which  could  be 
used  for  different  diameters  and  lengths  of  tubes.  The  Reynolds  number 
in  the  tube  was  calculated  for  each  case.  The  values  assumed  above  were 
obtained  from  previous  conditions  which  gave  good  electrophotographs. 

Figure  10-38  shows  the  results  of  these  computations  for  6 to  250 
tubes  across  the  four-inch  width  of  the  development  zone.  Several  factors 
influenced  the  final  choice  of  eight  tubes,  the  principal  factor  being  the 
length  of  tube  required  to  reach  from  the  powder-cloud  generator  to  the 
sides  of  the  development  electrode.  Since  the  length  required  is  ap- 
proximately three  inches,  no  more  than  nine  tubes  could  be  used.  The 
availability  of  tubing  with  an  internal  diameter  of  0.  020  inch  suggested  the 
use  of  seven  tubes.  As  a compromise,  eight  tubes  were  chosen  and  the 
length  of  each  tube  increased  to  3.  25  inches.  This  gives  a Reynolds  num- 
ber in  the  tubes  of  approximately  12,000. 

Figure  10-39  is  a sketch  of  the  eight-tube  powder-cloud  development 
device.  The  tubes  lead  directly  from  the  powder-cloud  generator  to  the 
development  area  and  enter  it  at  an  angle  of  10  degrees  to  the  electrode 
rather  than  the  90  dt  jrees  used  in  the  one-tube  devices.  Although  not  ob- 
vious on  the  drawing,  all  capillary  tubes  have  the  same  length. 

With  the  eight  parallel  capillary  tubes,  0.  5 inch  apart,  entering  the 
development  chamber,  the  powder  cloud  in  the  chamber  appears  to  become 
uniform  about  seven-eighths  of  an  inch  beyond  the  ends  of  the  tubes.  After 
testing  this  arrangement,  the  spacing  between  the  tubes  was  increased  by 
0.  5-inch  steps  until  they  were  2.  0 inches  apart.  At  this  spacing,  the  pow- 
der cloud  did  not  become  uniform  until  it  had  travelled  1.  75  inches  from 
the  ends  of  the  tubes.  Under  each  condition,  images  of  good  quality  were 
obtained  after  the  streams  had  merged. 

Figure  10-40  is  a photographic  copy  of  an  electrophotograph  developed 
using  the  unit  shown  in  Figure  10-39.  For  this  image,  air  was  used  at  a 
pressure  of  100  psi  and  the  cloud  of  powder  flowed  from  the  bottom  to  the 
top  of  the  image.  Image  development  was  completed  in  0.8  second.  The 
short  development  time  resulted  from  modification  in  the  powder-cloud 
generator  discussed  later  in  this  report. 

This  multiple-tube  development  device  should,  by  simple  extension, 
develop  areas  of  any  reasonable  width. 
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FIGURE  10-38.  RELATIONSHIP  BETWEEN  TUBE  LENGTH,  INSIDE  DIAMETER. 

AND  REYNOLDS  NUMBER  FOR  DIFFERENT  NUMBERS  OF 
CAPILLARY  TUBES  TO  GIVE  SAME  AIR-FLOW  CONDITIONS 
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Effect  of  Powder-Cloud  Density  of  Rate  of  Image  Development 

One  of  the  major  objectives  of  this  phase  of  the  project  was  to  reduce 
the  time  required  to  process  electrophotographs.  Through  various  modifi- 
cations made  earlier  in  the  development  process,  development  time  had 
been  reduced  to  approximately  10  to  15  seconds  for  complete  development 
of  a fairly  dark  subject.  However,  it  was  desirable  to  reduce  this  time 
still  further,  perhaps  to  less  than  one  second. 

One  of  the  factors  influencing  the  time  required  to  develop  an  image 
is  the  density  of  the  powder  cloud  in  the  development  chamber.  This,  in 
turn,  depends  on  the  amount  of  powder  released  per  unit  time  and  on  the 
volume  of  gas  used  to  release  this  mass  of  powder. 

Concentration  of  Powder  on  Cloth  Belt  in  Generator.  To  determine 
how  development  time  is  affected  by  powder-cloud  density,  a number  of 
experiments  were  performed  in  which  the  cloth  belt  for  the  powder-cloud 
generator  was  impregnated  with  various  amounts  of  powder  to  vary  the 
density  of  the  powder  cloud. 

The  first  test  was  made  using  the  belt-impregnating  device  described 
in  Figure  10-35.  The  cloth  belt  was  passed  through  this  coating  apparatus 
once  and  then  put  into  the  powder-cloud  generator.  A known  volume  of 
Freon  12  at  40  psi  was  forced  through  the  belt,  carrying  the  powder 
through  the  capillary  tube  either  to  a collector  where  the  mass  and  specific 
charge  of  the  powder  were  determined,  or  to  the  development  area  where 
development  time  was  measured  to  obtain  a standard  image.  The  technique 
used  to  measure  the  mass  and  electrical  charge  of  the  powder,  and  the 
standard  image  used  to  measure  development  time  have  been  described  in 
an  earlier  report(^). 

Three  more  tests  were  made  by  passing  the  belt  through  the  coating 
apparatus  two,  three,  and  four  times  before  it  was  used  in  the  development 
apparatus.  In  a fifth  test,  the  coater  was  modified  slightly  and  the  belt 
was  passed  through  once.  In  a sixth  test,  the  speed  of  the  belt  through  the 
modified  coater  was  decreased  to  allow  more  powder  to  be  deposited  per 
unit  area  of  belt. 

Table  10-4  gives  results  of  these  tests.  Increasing  the  powder 
loaded  into  the  belt  increases,  somewhat,  the  density  of  the  powder  cloud 
in  the  development  chamber.  This  is  accompanied  by  a corresponding 
change  in  the  time  required  for  development.  Also,  the  amount  of  electrical 
charge  on  the  particles  of  the  powder  cloud  depends  on  the  concentration  of 
the  cloud. 


(1)  Final  Progress  Report  to  The  Haloid  Company  on  "Continmns  Tone  Electrostatic  Electrophotography  " 
December  31,  1951,  pp  1-115  through  1-118. 
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While  some  decrease  in  development  time  follows  increased  loading 
of  the  cloth  belt  with  powder,  this  method  does  not  appear  promising  as  a 
way  of  reducing  development  time  significantly. 

Rate  of  Travel  o lloth  Belt  Through  Generator.  Another  way  of  in- 
creasing the  density  of  the  cloud  produced  by  the  powder-cloud  generator 
is  to  increase  the  speed  of  the  powder-impregnated  belt  past  the  exit 
orifice.  In  the  generator  used  in  the  past  for  developing  pictures  in  10  to 
15  seconds,  the  belt  runs  through  the  generator  at  a rate  of  about  0.2  inch 
per  second.  This  speed  was  increased  15  times,  to  3.0  inches  per  second. 
As  the  rate  increased,  the  density  of  the  cloud  became  greater  and  the  time 
required  for  development  of  an  image  decreased  until,  at  a speed  of  3.  0 
inches  per  second,  only  one  second  was  required  to  give  complete  develop- 
ment. However,  with  decreased  development  time,  image  quality  de- 
creased slightly.  As  a result,  later  work  was  directed  toward  improving 
the  quality  of  the  images  produced  when  development  was  completed  in  one 
second. 

It  was  the  use  of  this  powder-cloud  generator  at  a belt  speed  of  3.  0 
inches  per  second  that  made  it  possible  to  obtain  complete  image  develop- 
ment in  less  than  one  second  when  using  the  eight-tube  device  described 
earlier  in  this  report. 

Efh  t of  Air  Added  to  Powder  Cloud  After  Generation.  In  all  recent 
work  on  powder-cloud  development  using  the  single  capillary  needle  to 
convey  the  cloud  from  the  generator  to  the  development  region,  the  powder 
passes  through  an  air-aspirator  device  described  and  pictured  in  Figure 
1-42  of  the  Final  Report  to  The  Haloid  Company  on  "Continuous -Tone  Electro 
static  Electrophotography,  December  31,  1951.  The  function  of  this  device 
was  never  fully  understood,  but  it  does  improve  the  quality  of  the  images 
produced.  Because  this  device  has  an  effect  on  the  density  of  the  powder 
cloud  in  the  development  region,  experiments  were  conducted  to  investigate 
its  function  more  fully,  and  the  design  of  the  aspirator  was  modified  to  give 
positive  control  of  the  amount  of  air  added. 

Figure  10-41  is  a sketch  of  the  modified  device  with  the  action  of  the 
mixing  chamber  changed  from  aspiration  to  positive  addition  of  air.  In 

this  way,  a known  flow  rate  of  air  could  be  maintained  and  larger  volumes 
of  air  could  be  added. 

Using  this  device  with  the  side  air-inlet  tube  closed  so  that  no  air 
was  added  to  the  powder  cloud  after  it  was  generated,  a number  of  images 
were  made  with  the  belt  traveling  through  the  generator  at  the  rate  of  3,  0 
inches  per  second.  The  development  time  was  one  second,  and  the  Freon 
12  was  supplied  to  the  generator  at  pressures  ranging  from  40  psi  to  67  psi. 
At  all  pressures  of  Freon  12  used,  the  images  obtained  were  below  average 
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FIGURE  10-41.  MODIFIED  POWDER -CLOUD  MIXING  CHAMBER 

USED  ON  HIGH-SPEED  DEVELOPMENT  UNIT  *-««« 

in  quality,  with  those  produced  at  the  lowest  pressures  being  the  poorest. 

The  images  contained  large  particles  of  powder,  had  a coarse  grain,  and 
showed  a considerable  amount  of  "halo". 

The  next  experiments  were  performed  with  the  pressure  of  the  Freon 
held  constant  at  60  psi  and  with  air  added  to  the  mixing  chamber  through  the 
side  tube  at  rates  ranging  from  10  liters  to  60  liters  per  minute.  The 
development  time  was  again  held  at  one  second.  As  the  amount  of  air 
added  was  increased,  the  quality  of  the  images  increased  markedly;  when 
air  was  added  at  the  rate  of  60  liters  per  minute,  the  quality  of  the  images 
produced  was  excellent. 

Additional  images  Were  produced  using  a similar  arrangement  with 
the  exception  that  the  Freon  to  the  generator  was  maintained  at  40  psi;  and, 
instead  of  supplying  air  to  the  mixing  chamber,  Freon  12  was  added  through 
the  side  tube  at  rates  again  ranging  from  10  liters  to  60  liters  per  minute. 

All  of  the  images  produced  were  poor  in  quality,  although  some  improvement 
was  evident  when  the  flow  rate  of  the  added  Freon  was  60  liters  per  minute. 
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These  images  were  characterized  by  a coarse  grain,  "halo",  dark  over- 
all tone,  and  excess  powder  deposited  in  highlight  areas. 

To  continue  this  series  of  experiments,  air  was  substituted  for  the 
Freon  in  the  powder-cloud  generator.  With  the  side  tube  to  the  mixing 
chamber  closed,  the  pressure  of  the  air  to  the  generator  was  varied  from 
40  psi  to  100  psi.  The  images  obtained  were  poor  m quality,  similar  to 
those  obtained  when  Freon  was  used  in  the  generator  and  the  side  inlet 
tube  was  closed.  Somewhat  improved  images  were  obtained  when  the  air 
was  at  100  psi,  a pressure  greater  than  that  available  easily  with  Freon, 
and  with  the  side  inlet  tube  closed. 

The  next  and  final  experiments  in  this  group  were  performed  using  air 
in  the  generator  at  40  psi  and  adding  air  to  the  mixing  chamber  at  rates  of 
from  10  liters  to  60  liters  per  minute.  The  quality  of  the  images  improved 
with  increased  volumes  of  added  air  until,  when  air  was  added  at  the  rate 
of  60  liters  per  minute,  images  showed  very  fine  grain  and  a quality  con- 
siderably above  average.  These  images,  developed  in  one  second,  were 
of  a quality  at  least  as  good  as  those  produced  with  the  original  high-speed 
development  unit,  in  which  the  development  times  were  15  to  20  seconds. 

From  these  experiments,  it  was  concluded  that  other  factors  being 
constant,  air  supplied  through  the  powder-cloud  generator  or  added  in  the 
mixing  chamber  gave  better  quality  images  than  did  Freon  12.  In  addition, 
the  more  air  added  through  the  side  inlet  tube  to  the  mixing  chamber,  the 
better  the  quality  of  the  images  obtained.  The  reason  for  these  results  are 
not  well  established,  but  some  possible  explanations  have  been  suggested. 

With  all  other  conditions  constant,  because  of  the  different  values  of 
the  viscosity  and  density  of  air  as  compared  with  Freon  12,  the  Reynolds 
number  for  Freon  12  flowing  through  a passage  will  be  approximately  six 
times  greater  than  that  for  air  flowing  through  the  same  channel.  This 
increased  Reynolds  number,  which  implies  a greater  tendency  toward  tur- 
bulent flow,  may  be  the  reason  for  denser  pictures  and  the  powder  being 
deposited  in  highlight  areas  when  Freon  was  the  only  gas  entering  the 
development  region.  There  is  a remote  possibility  that  Freon  may  have  a 
different  effect  on  the  electrical  charge  of  the  powder  particles  than  does 
air. 


The  improved  image  quality  noted  with  higher  volumes  of  gas  passing 
through  the  development  chamber  may  be  a result  of  increased  charging  of 
the  powder  particles  because  of  their  higher  velocities,  either  through  the 
powder-cloud  generator  or  in  the  mixing  chamber*  However,  a more  likely 
explanation  is  that  the  increased  volume  of  gas  associated  with  the  powder 
may  simply  dilute  the  cloud  to  such  an  extent  that  the  amount  of  agglomeration 
occurring  in  the  cloud  is  decreased  and  a finer  grained  image  is  produced. 
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The  greater  flow  rates  may  cause  a finer  dispersion  of  powder  to  be  created 
before  it  enters  the  development  chamber.  Further  work  is  required  to 
determine  the  validity  of  these  arguments. 

Effect  of  Removing  Capillary  Tube  From  Development  Unit.  Because 
of  the  pronounced  effect  of  the  rate  of  gas  flow  on  the  quality  of  the  images 
obtained  when  developing  images  in  one  second,  the  function  and  importance 
of  the  capillary  tubing  leading  from  the  powder-cloud  generator  to  the 
mixing  tube  was  questioned.  This  capillary  tube,  0.  023-inch  inside  dia- 
meter, was  removed  and  a tube,  0.  25-inch  inside  diameter,  put  in  its 
place.  However,  the  air  still  had  to  pass  through  an  opening  0.046  inch  in 
diameter  but  only  0.  063  inch  long.  Using  air,  the  llow  rate  of  gas  through 
the  generator  was  adjusted  to  the  same  value  used  when  the  capillary  tubing 
was  in  place.  Air  was  then  added  to  the  powder  cloud  through  the  side 
inlet  tube  at  rates  up  to  60  liters  per  minute.  Using  this  arrangement,  the 
quality  of  the  images  improved  with  increasing  flow  rates  until,  when  air 
was  added  at  the  rate  of  60  liters  per  minute,  images  of  superior  quality 
again  were  obtained  in  a development  time  of  one  second.  In  addition  to 
having  very  fine  grain,  barely  visible  under  twenty-power  magnification, 
these  images  had  a black  tone  rather  than  the  sepia  tone  normally  as- 
sociated with  electrophotographs  developed  with  powdered  charcoal. 

It  is  now  evident  that  high-quality  images  can  be  developed  in  one 
second  or  less  by  several  different  modifications  of  the  powder-cloud 
technique.  No  attempt  has  been  made  to  decrease  the  development  time 
sl^ll  further  by  running  the  cloth  belt  through  the  generator  even  faster, 
but  there  is  no  evidence  that  any  limit  has  been  reached.  However,  there 
is  little  practical  advantage,  at  present,  in  reducing  the  development  time 
much  more  because  of  the  longer  periods  required  for  some  of  the  other 
steps  of  the  processing  cycle. 


He  solution  of  the  Electrophotographic  Process 


Measurements  on  developed  images  show  that  the  process  can  now 
resolve  at  least  56  lines  per  millimeter  on  the  plate,  and  at  least  40  lines 
per  millimeter  on  the  final  print.  This  resolution  is  better  than  any  ob- 
tained previously.  The  resolving  power  may  now  be  limited  by  the  quality 
of  the  lens  used  in  the  laboratory,  a 12-inch  f/4.  5 Radar  Anastigmat,  by 
vibration  in  the  building,  or  by  other  uncontrolled  conditions. 
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Electrophotographic -Transfer  Materials 


During  the  period  covered  by  this  report,  a search  was  made  for  a 
material  other  than  damp  dye-transfer  paper  or  relatively  short-lived 
pressure-sensitive  tapes  for  use  as  final  print  material.  Dampened  dye- 
transfer  paper  makes  good  images,  but  the  fact  that  it  must  be  dampened 
before  use  and  dried  afterwards  is  a major  drawback  in  a field  application. 
For  this  reason,  other  types  of  materials  have  been  sought  which  might 
give  suitable  transfer  of  electrophotographic  images. 


Waxed  Paper 

An  attempt  was  made  to  transfer  an  electrophotographic  image  to  a 
sample  of  waxed  paper  produced  by  the  Munising  Company  of  Chicago, 
Illinois,  and  provided  by  Mr.  S.  Levinos  of  the  Signal  Corps.  The  image 
transferred  to  this  waxed  paper  was  of  approximately  the  same  poor 
quality  as  that  obtained  when  transferring  to  dry  bond  paper.  This  waxed 
paper  is  considered  unacceptable  as  an  image  support. 


Pressure-Sensitive  Adhesive-Coated  Paper 

A fairly  comprehensive  search  was  made  in  previous  work  to  find  a 
commercial  pressure-sensitive  tape  which  would  be  satisfactory  as  an 
electrophotographic-transfer  medium.  As  described  in  the  Final  Progress 
Report  dated  December  31,  1951,  conventional  commercial  tapes  have  quite 
the  opposite  characteristics  of  those  desired  for  electrophotographic  transfer 
mediums.  For  example,  a transfer  tape  should  have  little  tack,  while  most 
commercial  tapes  are  formulated  to  have  maximum  adhesive  strength  and 
tack.  The  adhesive  should  have  a particularly  smooth  and  unmarked  sur- 
face, while  in  most  commercial  tapes  the  condition  of  the  surface  is  either 
of  little  concern  or  purposely  textured  to  impart  special  properties  to  the 
tape. 


However,  a new  adhesive-transfer  material  was  obtained  which  has 
many  of  the  characteristics  needed  for  making  high-quality  transfers  of 
continuous -tone  electrophotographic  images.  This  new  material  is  not  an 
adhesive  tape  in  the  usual  sense.  Rather,  it  is  a commercial  paper  coated 
with  a very  thin  layer  of  a material  that  imparts  a slight  tack  to  its  surface. 
Several  modifications  of  this  material  have  been  especially  prepared  by  the 
Champion  Paper  and  Fibre  Company  of  Hamilton,  Ohio.  All  samples  were 
based  on  types  of  a high-gloss,  cast-coated  paper  known  as  "Kromekote". 
These  papers  have  a particularly  smooth  surface  which  makes  them  well 
suited  for  a backing  sheet  of  an  electrophotographic  transfer  medium.  After 
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coating  these  sheets  with  various  formulations  of  adhesives,  their  tack  is 
so  low  that  they  show  little  tendency  to  stick  to  other  materials  and,  hence, 
can  be  handled  without  interleaves.  In  spite  of  this  low  tack,  these  coated 
papers  transfer  a large  fraction  of  the  powder  image  from  the  electro- 
photographic plate.  However,  somewhat  greater  pressure  is  required  to 
transfer  powder  to  these  materials  than  to  dampened  dry-transfer  paper. 

During  this  work,  several  variables  were  investigated.  The  weight 
and  type  of  the  raw  paper  stock,  the  type  of  adhesive  used,  the  percentage 
of  adhesive  in  the  coating  material,  the  thickness  of  the  coating  of  adhesive 
applied,  and  the  amount  of  stabilizer  added  to  the  adhesive  have  all  been 
considered. 

No  specific  information  concerning  a given  sample  has  been  supplied 
by  the  manufacturer,  but  the  results  of  the  tests  on  each  of  the  coded  papers 
have  been  reported  to  him.  The  manufacturer,  in  turn,  has  made  what  his 
technical  people  believed  to  be  appropriate  modifications  to  improve  the 
characteristics  of  the  paper.  As  a result  of  this  work,  definite  improve- 
ments have  been  made  both  in  the  ability  of  the  paper  to  provide  a transfer 
image  of  good  fidelity,  and  also  in  the  stability  of  the  adhesive  coatings 
used. 


As  mentioned  previously,  the  pressure  required  in  making  a transfer 
with  these  new  materials  is  somewhat  greater  than  that  required  when  using 
dampened  dye-transfer  paper.  To  determine  the  pressure  needed  to  produce 
a satisfactory  transfer  of  the  powder  image  from  an  electrophotographic 
plate  to  these  different  coated  papers,  a transfer  device  was  constructed 
which  could  apply  known  and  adjustable  forces  to  a transfer  roll. 

Figure  10-42  is  a sketch  of  this  pressure-transfer  device.  By 
changing  the  amount  and  position  of  the  weights  on  the  lever  arm,  a wide 
range  of  forces  is  available.  The  rollers  used  have  a center  of  steel  and 
are  covered  with  a firm  rubber  blanket.  This  rubber,  when  on  the  steel 
center,  has  a hardness  of  87  as  measured  on  a rubber  hardness  meter 
designated  as  the  Rex  Model  A,  manufactured  by  the  Naugatuck  Chemical 
Division  of  the  United  States  Rubber  Company(l).  The  force  on  the  top 
roller  can  be  adjusted  from  0 to  1,  000  pounds.  A force  of  from  300  pounds 
to  800  pounds  on  the  roller  gave  an  acceptable  transfer  on  most  of  the  sam- 
ples tried.  A more  compact  unit  is  under  construction  which  will  use 
springs  rather  than  a lever  arm  to  obtain  the  force  necessary  to  give  a 
good  transfer. 


Figure  10-43  presents  a comparison  of  the  quality  of  images  trans- 
ferred to  dampened  dye-transfer  paper  and  to  a specially  coated  "Kromekote" 

(1)  150  Elm  Street,  Naugatuck,  Connecticut 
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paperU).  The  transfer  to  the  "Kromekote"  paper  was  made  on  the  device 
described  above  using  a force  of  400  pounds  on  the  top  roller.  The 
Manufacturer  states  that  the  white  dust  spots  on  the  paper  would  be  elimi- 
nated if  production  methods  were  used  to  prepare  such  a paper. 

A larger  quantity  of  this  paper  will  be  obtained  and  further  tests  will 
be  made  under  various  conditions  of  temperature  and  humidity.  At  present, 
it  appears  that  this  material  will  be  suited  for  use  in  a field  camera;  it 
gives  good  images,  requires  no  moistening  or  drying,  and  is  reported  to  be 
no  more  expensive  than  dye-transfer  paper. 


Fixing  of  Transferred  Images 


No  special  attention  has  been  given  during  the  year  to  the  problem  of 
fixing  an  electrophotographic  image  after  it  has  been  transferred.  For 
many  purposes,  the  unfixed  print  may  be  satisfactory,  as  the  image  is 
relatively  well  attached  to  the  transfer  paper  and  even  dark  portions  of  the 
image  will  not  shake  off  nor  smudge  easily.  Fixing  can  be  done  easily, 
however,  by  spraying  the  print  with  a thin  lacquer  or  other  plastic.  In  the 
laboratory,  Krylon  in  a Freon-pressurized  dispenser  has  given  good  results. 


CONCLUSIONS 


The  following  general  conclusions  can  be  drawn  from  the  past  year' s 
work  on  this  project; 

1.  The  addition  of  tellurium  to  the  selenium  on  an  electrophotographic 
place  can  increase  the  over-all  photographic  speed  by  a factor  of  17,  and 
can  extend  the  spectral  response  to  cover  all  of  the  visible  spectrum  and 
some  of  the  near  infrared. 

2.  Plates  made  with  a layer  of  selenium-tellurium  mixture  over  a 
thicker  layer  of  selenium  not  only  exhibit  the  same  photographic  speed  and 
as  much  panchromaticity  as  one-layer  selenium-tellurium  plates,  but  they 
can  be  reproduced  more  consistently. 

3.  Concentrations  of  tellurium  in  the  top  layer  of  a two-layer  plate 
may  be  at  least  20  per  cent  to  obtain  the  desired  panchromatic  response. 

(1)  Code  2F  as  described  in  letter  dated  November  5,  1962,  from  Dr.  W.  P.  Taylor,  Champion  Paper  and 
and  Fibre  Company  to  W.  E.  Bixby,  Battelle  Memorial  Institute. 
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4.  Of  the  factors  believed  to  affect  the  electrical  characteristics  of 

two-layer  plates,  concentration  of  the  tellurium  has  been  found  to  be  very 
important,  rate  of  deposition  of  the  film  much  less  important,  and  tem- 
perature of  the  backing  plate  of  comparatively  little  importance  in  the 
region  between  60  C and  80  C.  Other  conditions  not  been  studied 

completely  enough  to  warrant  positive  conclusions. 

5.  The  electrical  characteristics  of  both  single-layer  and  two-layer 
selenium-tellurium  plates  depend  on  sensitizing  conditions.  Some  plates 
show  a marked  improvement  in  quality  when  charged  with  corona  currents 
higher  than  usual  and  for  times  longer  than  usual. 

6.  Microscopic  examination  of  selenium  films  is  a practical  tool 
for  determining  the  extent  of  crystallization  in  the  films.  Crystallinity 
appears  necessary  to  produce  red  sensitivity  in  plates  containing  selenium 
alone,  but  it  is  not  necessary  in  obtaining  panchromaticity  in  selenium- 
tellurium  plates. 

7.  Suitable  apparatus  has  been  constructed  to  process  selenium- 
tellurium  plates,  even  though  they  may  have  rapid  dark-decay  rates.  Proc- 
essing of  plates  from  sensitization  through  development  can  be  completed 
now  in  less  than  three  seconds. 

8.  Selenium-tellurium  plates  appear  to  have  inherent  properties 
that  will  give  images  of  a quality  equal  to  that  obtained  on  selenium  plates. 

In  addition,  these  plates  have  speeds  approximating  an  ASA  rating  of  20  to 
30,  daylight. 

9.  A practical  plate-sensitizing  unit  was  built  which  does  not  re- 
quire a bulky  power  supply  for  its  operation.  It  employs  a radioactive 
material  and  miniature  batteries,  and  can  sensitize  a plate  in  15  seconds. 
This  completely  eliminates  the  need  for  a bulky  power  supply  in  a portable 
camera. 


10.  Satisfactory  electrophotographic  images  earn  be  developed  now  in 
less  than  one  second. 

11.  Plates  considerably  wider  than  the  standard  four-inch  plate  used 
previously  can  be  developed  now  using  an  extension  of  an  image -developing 
unit  devised  this  year. 

12.  An  adhesive-coated  paper  has  been  found  which  appears  to  have 
the  characteristics  necessary  for  a suitable  medium  to  which  electrophoto- 
graphic powder  images  can  be  transferred.  It  requires  no  moistening  or 
interleaving,  and  is  relatively  inexpensive. 
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RECOMMENDATIONS 


As  a result  of  improvements  made  during  1952,  a number  of  recom- 
mendations can  be  made  concerning  possible  use  of  these  improvements  at 
present  and  as  to  the  course  future  research  should  follow. 


Plates 


In  the  work  of  the  past  year,  it  has  been  shown  that  two-layer 
selenium-tellurium  plates  having  about  ten  times  the  photographic  speed  of 
selenium  plates,  and  having  a spectral  response  extending  into  the  red, 
can  be  produced  about  as  consistently  as  selenium  plates.  Also,  selenium- 
tellurium  plates  can  be  made  with  15  to  20  times  the  photographic  speed  of 
selenium  plates,  with  a maximum  sensitivity  in  the  green,  and  with  high 
sensitivity  in  the  red.  This  is  not  necessarily  the  best  that  can  be  achieved, 
but  it  is  felt  that  it  represents  fulfillment  of  at  least  one  phase  of  the  pro- 
gram. Selenium-tellurium  plates  can  produce  picture  quality  comparable  to 
that  obtainable  with  selenium  plates,  but  selenium-tellurium  plates  are  more 
difficult  to  use  because  their  electrical  characteristics  are  markedly  ef- 
fected by  exposure  to  light,  by  repeated  charging,  and  possibly  by  other 
actions. 


In  general,  two-layer  selenium-tellurium  plates  have  the  character- 
istics needed  to  make  electrophotography  practical  for  military  purposes. 

It  is  true  that  additional  research  is  needed  on  such  plates,  but  such  re- 
search should  be  directed  largely  to  learning  why  such  plates  vary  in 
properties  even  though  made  under  apparently  identical  conditions.  If 
reproducible  plates  can  be  produced  routinely,  with  the  spectral  response 
and  photographic  speed  of  the  best  plates  made  during  1952,  the  plate  prob- 
lem can  be  considered  solved  while  research  is  being  devoted  to  other 
phases  of  electrophotography. 


Sensitization 


Additional  work  will  be  required  to  determine  the  best  techniques  and 
conditions  for  using  radioactive-sensitizing  units.  Problems  involving  rates 
of  charging  under  various  spacing  and  voltage-gradient  conditions  have  been 
considered  in  only  a preliminary  way,  and  no  attempts  have  been  made  to 
determine  the  effect  on  charging  rate  of  changes  in  the  housing  surrounding 
the  source  and  the  plate. 
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More  information  is  needed  on  the  effect  of  continued  exposure  of 
plates  to  a radioactive  source,  and  how  this  effect  may  be  related  to  the 
intensity  of  the  radiation.  The  possibility  of  contamination  from  the  radio- 
active material  should  be  considered  under  various  conditions  that  might 
be  encountered  in  the  field. 


Development 

To  decrease  the  time  required  to  develop  a continuous-tone  electro- 
photograph, it  is  recommended  that  the  driving  mechanisms  on  existing 
belt-type  powder-cloud  generators  be  modified  to  turn  the  capstan  within 
the  generator  at  approximately  two  revolutions  per  second.  This  will  pro- 
vide a cloud  of  powder  capable  of  developing  a four-inch  by  five-inch  electro- 
photographic plate  in  one  second,  xo  maintain  a high  quality  image,  it  is 
recommended  also  that  the  system  of  transporting  the  cloud  of  powder  from 
the  generator  to  the  development  zone  be  modified  in  one  of  two  ways.  If 
air  is  added  as  described  in  this  report,  an  image  of  high  quality  can  be 
obtained.  Increasing  the  number  of  capillary  tubes  transporting  the  powder 
to  the  development  region  also  will  improve  the  quality  of  the  image. 

Because  practical  developments  have  outstripped  the  understanding 
of  the  processes  involved,  it  is  recommended  that  further  work  be  done  to 
determine  some  of  the  basic  characteristics  of  the  powder  cloud.  The 
mechanism  by  which  the  cloud  is  charged  electrically  is  more  uncertain 
now  than  at  the  beginning  of  the  project.  The  effect  of  density  of  the  powder 
cloud  on  the  rate  of  agglomeration  becomes  increasingly  important  as 
denser  clouds  are  used.  A better  understanding  of  the  way  in  which  mix- 
tures of  gases  and  solids  flow  in  small  channels  would  make  the  design  of 
future  units  simpler,  and  might  lead  to  the  development  of  a device  well 
suited  for  use  on  a continuous  basis.  The  entire  subject  of  powder-cloud 
generation  needs  more  consideration.  While  the  present  belt-type  works 
well,  it  is  not  simple  to  build  or  service,  and  is  not  applicable  to  continuous 
ope  ration. 

The  fast  dark-decay  rates  of  selenium-tellurium  plates  require  some 
type  of  device  to  carry  the  plate  quickly  through  the  various  processing 
steps  required  when  making  an  electrophotograph.  Further  work  is  needed 
to  refine  the  unit  which  has  been  built,  or  to  design  an  entirely  new  unit 
which  might  be  more  useful  than  the  present  one.  Eventually,  a unit  suit- 
able for  use  in  the  field  should  be  designed  and  constructed. 

It  is  recommended  that  materials  other  than  powdered  charcoal  be 
investigated  for  use  as  developer  materials.  Although  charcoal  gives  images 
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of  good  quality,  it  has  a sepia  tone  rather  than  a true  black,  it  cannot  be 
fixed  easily  using  heat  or  solvents,  and  it  may  not  transfer  as  readily 
from  the  plate  as  might  some  other  materials. 


Sensitometry 


Work  should  be  continued  on  studying  all  the  variables  affecting  the 
quality  of  the  finished  electrophotographic  print.  Such  things  as  the  thick- 
ness of  the  photoconductive  layer,  initial  potential  of  the  plate,  the  residual 
potential  of  the  plate,  and  the  specific  charge  on  the  developer  powder, 
are  all  known  to  influence  the  quality  of  the  image  produced.  With 
selenium-tellurium  plates,  proper  settings  of  these  variables  becomes 
even  more  critical,  and  it  is  recommended  that  they  be  investigated  in 
detail. 


T ransfer 


Further  tests  should  be  made  with  the  type  of  adhesive-coated  papers 
which  have  shown  promise  recently.  Aging  tests,  transfer  quality  at 
various  temperatures  and  humidities,  anc  modifications  of  the  base  stock 
bearing  the  adhesive  are  all  recommended.  In  addition,  modifications  of 
the  adhesive  itself  might  prove  valuable. 


IDENTIFICATION  OF  TECHNICIANS 


The  following  is  a list  of  personnel  contributing  to  the  work  presented 
in  this  report,  including  a brief  statement  of  the  background  of  each. 

Andrus,  P.  G.  ; Principal  Physicist.  Mr.  Andrus  has  had  five  years' 
research  experience  in  electrophotography  and  the  graphic  arts. 

Bixby,  W.  E.  j Principal  Physicist.  Mr.  Bixby  has  had  six  years' 
research  experience  in  electrophotography,  including  work  with  special 
applications  of  the  process. 

Cherry,  L.  V.  ; Principal  Chemist.  Mr.  Cherry  has  had  four  years' 
research  experience  in  physical  chemistry  and  one  year' s experience  in 
graphic  arts  research. 
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Cleland,  B.  B. ; Physicist.  Miss  Cleland  has  had  two  and  one-half 
years'  experience  in  metallurigcal  research  and  nine 'months*  experience 
in  electrophotography. 

Goldis,  B.  A.  ; Principal  Electrical  Engineer.  Mr.  Goldis  has  had 
one  year's  experience  in  electronic  engineering  and  three  months*  ex- 
perience in  electrophotography. 

Kriss,  R.  S.  ; Technician.  Mr.  Kriss  has  had  four  years'  training 
in  machine  shop  and  drafting  and  four  months'  experience  in  electrophotog- 
raphy. 

Matthews,  E.  P.  ; Principal  Physicist.  Mr.  Matthews  has  had  five 
years*  experience  teaching  physics  and  mathematics,  and  two  and  one-half 
years*  experience  in  electrophotography  and  graphic  arts. 

Medley,  H.  C. ; Principal  Mechanical  Engineer.  Mr.  Medley  has 
had  two  years'  experience  in  mechanical  engineering  and  two  months' 
experience  in  electrophotography. 

Paris,  B. ; Chemist.  Mr.  Paris  has  had  research  experience  in 
organic  chemistry  and  electronic  engineering,  and  one  and  one-half  years' 
experience  in  electrophotography. 

Quinty,  Gladys,  H.  ; Principal  Chemist.  Dr.  Quinty  has  had  three 
years'  experience  in  academic  research  on  the  chemistry  of  thorium  and 
the  rare  earths,  and  five  months'  experience  in  electrophotography. 

Reid,  W.  T.  ; Supervisor.  Mr.  Reid  has  been  engaged  in  research 
for  23  years,  12  years  of  which  have  been  in  a supervisory  capacity. 

Ricker,  E.  C.  j Technician.  Mr.  Ricker  has  had  five  years*  research 
experience  in  electrophotography,  and  special  training  in  silver  halide 
photography. 

Schaffert,  R.  M.  ; Research  Consultant.  Dr.  Schaffert  has  had  22 
years'  research  experience  in  the  physical  sciences  and  the  graphic  arts 
and  has  been  actively  engaged  in  Battelle's  research  on  electrophotography 
since  its  inception  in  1944, 

Stockdale,  J.  L. ; Chemist.  Mr.  Stockdale  has  had  four  years'  ex- 
perience in  electrophotography. 

Trask,  R.  K.  ; Principal  Physicist.  Mr.  Trask  has  had  two  years* 
experience  teaching  college  physics  and  one  year' s research  on  the 
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metallurgy  of  binary  alloys.  He  has  had  one  and  one»half  year*  s experi- 
ence in  electrophotography. 

Ullrich,  O.  A.  ; Principal  Physicist.  Mr.  Ullrich  has  been  engaged 
In  research  on  electrophotography  for  four  years,  and  has  had  seven  years' 
experience  in  the  fields  of  optics  and  high  vacuum. 

Walkup,  L.  E.  ; Assistant  Supervisor.  Mr.  Walkup  has  had  six 
years'  experience  in  electrophotography  and  18  years'  experience  in 
engineering  research. 

Wilgus,  H.  M.  ; Technician.  Mr.  Wilgus  has  had  six  years'  experi- 
ence in  engineering  research  and  one  and  one-half  years'  experience  in 
electrophotography. 


* 


* 


* 


* 


Data  for  this  report  are  recorded  in  the  following  Laboratory  Record 
Books: 

5934,  pages  68  through  90 
5966,  pages  17  through  29 
6089,  pages  29  through  100 
6091,  pages  43  through  99 
6099,  pages  66  through  100 
6264,  pages  54  through  83 

6393,  pages  3 through  5 — 

6400,  pages  21  through  22 
6909,  pages  1 through  99 
6916,  pages  1 through  100 
7319,  pages  1 through  33 
7382,  pages  1 through  33 
7398,  pages  1 through  6 
7493,  pages  1 through  7 
7611,  pages  1 through  6 
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APPENDIX  A 


MINUTES  OF  SPONSOR  MEETING 
October  16,  1952 


Subject:  "Continuous-Tone  Electrostatic  Electrophotography" 
Contract  DA- 36-039-SC-  123 

Persona  Present:  Steve  Levinos,  U.  S.  Army  Signal  Corps 

James  M.  Chapman,  Wright  Air  Development 
Center 

John  H.  Dessauer,  The  Haloid  Company 

Harold  E.  Clark,  The  Haloid  Company 

William  T,  Reid,  Battelle 

Lewis  E.  Walkup,  Battelle 

R.  M.  Schaffert,  Battelle 

Paul  G.  Andrus,  Battelle 

William  E.  Bixby,  Battelle 

Edwin  E.  Graves,  Battelle 

This  meeting  was  held  on  October  16,  1952,  to  discuss  the  present 
status  of  the  work  on  this  project,  and  to  plan  work  to  be  done  between 
now  and  November  20,  1952,  the  tentative  date  of  the  next  meeting.  This 
meeting,  too,  will  be  held  at  Battelle. 

The  statements  set  forth  in  these  minutes  shall  not  be  considered  as 
evidence  of  inventorship  nor  as  constituting  recognition  of  the  novelty  or 
originality  of  any  of  the  ideas  or  suggestions  proposed  by  any  of  the  partici 
pants. 


Plates 


Paul  Andrus  reported  on  research  done  on  plates  during  the  past 
four  weeks.  This  work  can  be  divided  into  three  parts: 

1.  Rechecking  sensitivity  and  spectral  response  of 
selenium-tellurium  plates  made  about  one  year 
ago. 

2.  Preparing  single-layer,  93  per  cent  selenium  - 7 
per  cent  tellurium,  plates  by  evaporating  selenium- 
tellurium  mixture  from  a single  source. 
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Preparing  two-layer  plates  in  which  the  top 
layer,  consisting  of  93  per  cent  selenium  and 
7 per  cent  tellurium,  is  approximately  ten 
per  cent  of  the  thickness  of  the  lower  layer 
of  selenium. 


Remeasurement  of  Selenium- Tellurium  Plates 
Made  in  1951 


Plates  Containing  Less  Than  Five  Per  Cent  Tellurium.  Andrus  ex- 
plained that  when  we  started  investigating  the  effects  of  small  additions  of 
tellurium  to  selenium  in  electrophotographic  plates  a year  ago,  nearly  all 
plates  showed  such  rapid  dark  decay  that  it  was  impractical  to  determine 
their  spectral  response.  With  plates  containing  less  than  five  per  cent 
tellurium,  dark-decay  rates  were  from  10  seconds  to  42  seconds  when  the 
plates  were  charged  to  initial  potentials  of  200  to  300  volts. 

Recent  chec'-  s show  that  the  dark-decay  rate  of  each  of  these  plates 
now  is  much  lower.  These  plates  at  present  require  an  average  of  about 
300  seconds  to  decay  from  200  to  100  volts  in  darkness  when  charged  to 
an  initial  positive  potential  of  400  to  500  volts  under  the  newer  charging 
conditions  involving  higher  corona  currents.  While  a lower  dark-decay 
rate  was  obtained  when  charging  the  plates  under  conditions  differing  from 
those  used  a year  ago,  the  change  in  dark-decay  rate  is  considered 
primarily  the  result  of  changes  in  the  selenium-tellurium  mixture  itself. 

This  has  been  confirmed  by  charging  a few  plates  under  the  old  charging 
conditions  where  lower  currents  flow  from  the  corona  wires.  In  answer, 
to  a question  from  Clark,  Andrus  reported  that  initial  potentials  are 
measured  approximately  three  seconds  after  charging  the  plate. 

Reid  suggested  measuring  the  current  flowing  from  the  backing  plate 
to  ground  rather  than  measuring  the  current  flowing  to  the  corona  wires. 

Clark  questioned  the  effect  on  dark-decay  rate  of  charging  the  plates 
to  higher  potentials.  While  admitting  that  charging  plates  to  higher 
potentials  does  decrease  dark  decay,  Andrus  believes  that  the  differences 
noted  in  retested  plates  are  too  great  to  be  explained  by  this  effect. 

Andrus  explained  further  that  the  top  layer  of  these  particular  selenium- 
tellurium  plates  may  be  rich  in  tellurium,  because  these  plates  were 
made  by  evaporating  a physical  mixture  of  powdered  selenium  and  tellurium. 
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Plates  Containing  About  Five  Per  Cent  Tellurium.  Plates  were 
prepared  by  evaporating  a premelted  mixture  of  95  per  cent  selenium  and 
5 per  cent  tellurium.  When  first  made,  these  plates  exhibited  dark-decay 
rates  ranging  from  4 seconds  to  60  seconds  when  the  plates  were  charged  to 
initial  positive  potentials  of  about  200  volts  under  the  older  charging  con- 
ditions. Dark-decay  rates  for  these  plates  are  now  one-fourth  to  one-fifth 
those  measured  a year  ago.  For  example,  the  dark  decays  of  typical 
plates  have  changed  during  the  year  from  4 seconds  to  22  seconds,  from 
40  seconds  to  100  seconds,  and  from  25  seconds  to  300  seconds.  Andrus 
reported  that  one  plate  of  this  group  is  now  more  nearly  panchromatic 
than  any  other  plate  tested  to  date. 

Harold  Clark  questioned  the  number  of  times  these  plates  had  been 
charged,  pointing  out  that  repeated  charging  might  affect  the  characteristics 
of  the  plate.  Andrus  replied  that  these  plates  had  been  charged  a relatively 
small  number  of  times,  and  that  there  was  no  evidence  that  recharging 
could  explain  the  observed  results. 

Reid  raised  a question  of  what  might  be  expected  in  the  way  of  sensi- 
tivity and  spectral  response  if  plates  containing  95  per  cent  selenium  and 
5 per  cent  tellurium  were  made  today  under  the  same  conditions  used  for 
preparing  plates  a year  ago.  Andrus  replied  that  we  cannot  reproduce 
plates  well  enough  to  permit  such  a comparison. 

Reid  suggested  that  it  might  be  well  to  study  the  effect  of  aging  by 
storing  a series  of  selenium-tellurium  plates  under  known  conditions.  No 
decision  was  made  to  do  this,  ' at  the  value  of  such  testing  was  recognized. 


Selenium  Plates  Containing  More  Than  Seven  Per  Cent  Tellurium. 
Plates  containing  more  than  seven  per  cent  tellurium  were  made  by  evapo- 
rating a premelted  selenium-tellurium  mixture  from  a single  source.  When 
measured  a year  ago,  dark-decay  rates  for  these  plates  varied  from  10 
seconds  to  40  seconds,  some  plates  showing  slight  sensitivity  to  red  light. 
Other  plates  in  this  group  had  too  rapid  dark  decay  to  permit  measuring 
spectral  response.  When  remeasured  recently,  the  dark-decay  rate  for 
these  plates  was  about  50  seconds,  one  of  the  group  being  the  most  sensitive 
plate  tested  to  date. 

Andrus  pointed  out  that,  one  year  ago,  residual  potential  on  many  of 
these  plates  was  high  enough  to  interfere  with  measuring  their  sensitivity. 
Residual  potentials  are  now  lower  and  do  not  interfere.  Clark  said  that  the 
lower  residual  potentials  might  be  the  result,  at  least  in  part,  of  charging 
the  plates  to  higher  initial  potentials.  Andrus  feels  that  the  lower  residual 
potential  is  due  primarily  to  a change  in  the  structure  of  the  selenium- 
tellurium  layer. 
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Des sauer  asked  the  numerical  value  of  the  minimum  practical  dark- 
decay  rate.  Andrus  stated  that  a dark-decay  rate  of  20  seconds  is  practical 
now,  and,  with  techniques  and  equipment  permitting  more  rapid  develop- 
ment, a still  faster  dark-decay  rate  will  be  practical. 

Andrus  pointed  out  that  the  best  plates  do  not  show  much,  if  any, 
residual  potential.  Reid  stated  that  the  important  question  is  "How  does 
aging  affect  the  plates,  and  can  we  preage  plates  and  obtain  the  same 
results?"  Schaffert  stated  that  aging  would  be  expected  to  cause  de- 
nucleation  in  the  selenium-tellurium  layer. 


Single- Layer  Plates  Made  During  Past  Month 
Containing  93  Per  Cent  Selenium  and  7 Per  Cent  Tellurium 

At  the  beginning  of  the  present  period,  a water-cooled  platen  was 
used  in  making  selenium-tellurium  plates,  and  both  the  postevaporative  heat 
treatment  and  the  rate  of  deposition  of  the  selenium-tellurium  mixture  were 
being  varied.  The  premelted  materials  were  evaporated  from  a single 
source.  Most  plates  made  under  these  conditions  exhibited  residual  po- 
tentials of  400  volts  to  600  volts.  Such  residuals  made  the  plates  appear 
insensitive  to  light  under  ordinary  testing  conditions.  However,  when 
charged  to  1000  volts,  these  plates  were  sensitive  to  light. 

Attempts  were  made  to  produce  four-inch  by  five-inch  selenium- 
tellurium  plates,  for  use  in  making  actual  pictures.  These  plates  were 
heat  treated  for  10  to  20  minutes  at  80  C after  evaporation  of  the  selenium- 
tellurium  mixture.  Again,  the  plates  exhibited  residual  potentials  of  about 
400  to  600  volts.  These  plates  will  be  rechecked  periodically  to  see  if 
residual  potentials  change  as  the  plates  age. 

With  some  of  these  plates,  negative  sensitization  gave  a much  lower 
residual  potential  than  if  the  plates  were  charged  positively.  Dark-decay 
rate  was  about  the  same  regardless  of  the  polarity  to  which  the  plates 
were  charged. 


Two- Layer  Plates  Made  During  Past  Month  Using 
93  Per  Cent  Selenium  and  7 Per  Cent  Tellurium 


According  to  Andrus,  multilayer  plates  offer  promise,  particularly 
in  giving  lower  residual  potential  and  more  nearly  panchromatic  response. 
Several  two-layered  50-micron  plates  were  made  during  the  past  month, 
the  bottom  layer  of  45  microns  being  selenium,  and  the  top  5-micron  layer 
consisting  of  93  p«r  cent  selenium  aaad  7 per  cent  tellurium.  The  selenium 
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layer  was  deposited  in  ten  minutes,  and  the  thinner  selenium-tellurium 
layer  was  deposited  over  a period  of  ten  minutes,  both  with  the  plate  at 
a temperature  of  80  C.  Plates  were  heat  treated  for  about  two  minutes 
at  80  C and  then  cooled,  not  quenched.  These  plates  had  low  residual 
potential  and  spectral-sensitivity  cutoff  at  about  575  millimicrons,  as 
compared  with  a cutoff  of  about  550  millimicrons  for  single-layer  selenium 
plates. 

Schaffert  stated  that  he  felt  the  information  indicated  that  the  top  layer 
of  selenium-tellurium  is  not  thick  enough,  and  that  better  results  might 
be  obtained  by  making  a three-layer  plate  consisting  of  a layer  of  selenium- 
tellurium,  a layer  of  selenium,  and  then  a thin,  top  layer  of  a selenium- 
tellurium. 

Andrus  pointed  out  that  on  two- layer  plates  made  this  month,  one- 
half  of  the  plate  was  covered  with  grease  before  depositing  the  selenium 
and  selenium-tellurium,  that  the  photoconductive  layer  could  be  removed 
for  measuring  its  optical  absorption.  Chapman  questioned  the  effect  of 
such  a layer  of  grease  on  the  properties  of  the  resulting  plate.  Andrus 
reported  that  dark-decay  rates  are  approximately  half  as  fast  on  the  layers 
deposited  on  grease  as  for  the  layers  deposited  directly  on  clean  brass. 
There  was  very  little,  if  Sivy,  difference  between  the  spectral  sensitivity 
of  layers  deposited  on  grease  and  on  brass. 

Dessauer  suggested  that  selenium-tellurium  layers  be  deposited 
directly  on  glass  to  permit  measuring  the  optical  properties  of  the  films. 
Walkup  pointed  out  the  difficulties  in  doing  this. 

Dessauer  suggested  that  perhaps  higher  tellurium  contents  would  be 
of  value.  Andrus  said  that,  in  earlier  work  on  single-layer  selenium  plates, 
extremely  rapid  dark-decay  rates  were  obtained  with  higher  percentages 
of  tellurium.  Nevertheless,  Andrus  suggested  that  this  might  not  be  true 
for  the  two-layer  plates,  and  that  we  will  make  other  plates  having  a top 
layer  containing  as  much  as  15  per  cent  tellurium. 

Clark  suggested,  and  it  was  agreed,  that  the  absorption  of  red  light 
by  the  selenium-tellurium  layer  was  of  major  importance.  Clark  then 
suggested  that  the  top  layer  of  selenium- tellurium  should  contain  the  same 
total  quantity  of  tellurium  as  is  present  in  a single-layer  selenium-tellurium 
plate  exhibiting  good  sensitivity  and  panchromatic  response.  He  pointed 
out,  if  it  is  necessary  to  use  very  thick  top  layers  of  selenium-tellurium 
to  get  proper  absorption  of  red  light,  that  plates  probably  will  have  high 
dark-decay  rates.  Andrus  pointed  out  that  the  addition  of  tellurium  also 
makes  plates  more  sensitive  to  blue  light.  He  feels  that  red  sensitivity 
in  selenium  plates  is  caused  by  absorption  at  the  interface,  between  the 
selenium  and  the  brass,  of  light  which  has  passed  through  the  selenium 
layer.  Selenium-tellurium  layers  may  absorb  red  light  nonphotoelectrically 
•o  that  it  does  not  reach  the  selenium-brass  interface. 
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In  concluding  this  phase,  Dessauer  suggested  that  we  make  an  effort 
to  find  out  specifically  what  is  done  in  making  selenium  rectifiers  as  a 
possible  guide  to  changing  the  sensitivity  of  selenium  plates. 

Sensitization 

Bixby  explained  that  work  on  sensitization  is  being  directed  toward 
reducing  the  time  req’  ired  to  sensitize  plates  with  a radioactive  source. 

A weak  alpha- ray  source  now  being  used  requires  about  two  minutes  to 
charge  a four-inch  by  five-inch  plate.  A one-millicurie  radium-D  source 
would  cost  about  $100.  A ten-millicurie  polonium  source  has  been  obtained 
j at  a cost  of  $50.  This  source  having  a half-life  of  149  days,  should  make 

' possible  the  sensitization  of  a four-inch  by  five-inch  plate  in  approximately 

, five  seconds. 

! 

\ 

i 

Camera  Exposure  on  Selenium- Tellurium  Plates 

t' 

Using  a plate  containing  93  per  cent  selenium  and  7 per  cent  tellurium, 
actual  photographs  were  made  at  a photographic  speed  of  about  ASA  30. 
However,  the  dark-decay  rate  of  this  plate  was  so  high  that  it  was  necessary 
to  expose  and  develop  the  plate  within  a few  seconds  after  sensitization. 

To  provide  such  rapid  processing,  Bixby  sketched  a device  which  is 
being  built  and  will  be  attached  to  the  camera  and  in  which  exposing  and 
developing  can  take  place  very  rapidly.  Levinos  approved  of  this.  Bixby 
pointed  out  that,  as  part  of  the  improved  sensitivity  of  selenium-tellurium 
plates  may  be  due  to  the  use  of  higher  charging  currents  in  corona  charging, 
and  because  the  alpha- ray  source  provides  only  low  current,  selenium- 
tellurium  plates  having  high  dark-decay  rates  may  not  give  good  results. 
Clark  emphasized  strongly  that  it  might  be  well  to  incorporate  a high-speed 
corona-charging  unit  in  the  camera,  and  that  a determination  should  be 
made  of  the  effect  on  dark-decay  rates  of  charging  with  different  corona 
currents  and  with  the  radioactive  source.  Bixby  pointed  out  that  the  bene- 
ficial effects  of  charging  at  higher  corona  currents  may  last  long  enough  to 
allow  subsequent  chargings  to  be  done  with  lower  currents.  It  was  agreed 
that  the  camera  attachment,  in  due  time,  should  be  provided  with  means  for 
charging  the  plates  either  with  a high-speed  corona  unit  or  with  the  radio- 
active source. 
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Development 

Bixby  reported  on  studies  of  the  effect  of  powder-cloud  density  on 
the  speed  of  developing  images  with  a high-speed  development  unit.  By 
running  the  belt  15  times  faster  than  has  been  used  for  10-second  to  15- 
second  development,  an  image  was  developed  in  one  second.  Speed  of 
development  thus  appears  approximately  proportional  to  the  density  of 
the  powder  cloud.  Images  made  in  one  second  were  somewhat  inferior 
in  quality,  there  being  some  halo  and  some  streaking  of  the  image.  Pro- 
ducing a more  dense  cloud  appears  to  decrease  the  electrical  charge  on 
the  powder  particles;  therefore  attempts  were  made  to  increase  the  charge 
on  the  particles. 

Experiments  were  run  to  determine  the  maximum  rate  of  flow  of 
powder  cloud  between  the  exposed  electrophotographic  plate  and  the 
development  electrode.  As  yet,  this  maximum  has  not  been  reached  or 
determined,  although  clouds  have  been  blown  across  the  plate  at  high 
velocities.  A number  of  interesting  observations  have  been  made  as  by? 
products  of  this  work. 

In  the  present  high-speed  developing  device,  Freon- 12  gas  is  used 
to  blow  the  powder  from  the  cloth  belt  and  through  the  capillary  tube  that 
supposedly  breaks  up  agglomerates  of  powder  and  gives  the  particles  an 
electrical  charge.  On  leaving  the  capillary  tube,  the  cloud  flows  through 
an  aspirator  where  it  draws  room  air  into  the  stream.  It  was  found  that 
closing  off  this  secondary  air  decreases  picture  quality,  as  does  the 
introduction  of  Freon  12  at  this  point  instead  of  air.  Adding  additional 
air  at  this  point  by  using  compressed  air  improved  the  quality  of  pictures 
developed  in  one  second  to  equal  the  quality  of  pictures  developed  in  15 
seconds. 

Walkup  suggested  replacing  Freon  12  in  the  generator  by  air;  this  has 
not  been,  but  will  be,  tried, 

Bixby  stated  that  powder  particles  may  be  charged  electrically  after 
the  powder  leaves  the  capillary  tube. 

After  considerable  discussion  of  the  entire  subject  of  powder-cloud 
development  with  the  capillary-tube  device,  everyone  agreed  that  it  is 
particularly  important  at  this  time  to  study  the  aerodynamics  of  the  system. 
Clark  pointed  out,  for  example,  that  the  amount  of  air  introduced  as  a 
secondary  gas  may  affect  recombination  (agglomeration)  of  powder  particles 
in  the  clouds,  and  that  such  recombination  may  reduce  the  electrical  charge 
on  some  of  the  powder  particles  after  they  leave  the  capillary  tube. 
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Bixby  stated  that  a combination  photographic  subject  is  being  made 
up  for  use  in  the  study  of  development.  Reid  suggested  that  a composite, 
still-life  subject,  on  which  lighting  could  be  varied  as  desired,  might 
be  more  suitable  for  these  studies.  Levinos  backed  this  suggestion. 

Levinos  reported  that  a diffusion  screen  over  the  camera  lens 
improves  the  quality  of  portraits  made  by  electrophotography.  This  will 
be  tried  at  Battelle. 


T ransfer 


Bixby  explained  that  20  more  samples  of  adhesive-coated  papers  have 
been  received  from  the  Champion  Paper  and  Fibre  Company  and  tested  for 
use  in  adhesive  transfer.  Most  of  these  papers  appear  to  have  greater 
tack  than  those  received  in  the  past.  Champion  is  now  checking  the 
stability  of  the  papers,  and  feels  that  this  property  can  be  controlled 
satisfactorily.  Champion  has  stated  that  these  papers  should  not  cost 
more  than  dye-transfer  papers. 

„ Levinos  suggested  that  instability  of  the  white  base  paper,  if  serious, 
might  be  overcome  by  using  a strong  ultraviolet  absorber  in  the  trans- 
parent protective  coating  used  in  making  the  sandwich. 

Chapman  reported  on  a new  adhesive  material  available  for  splicing 
magnetic  tapes.  This  adhesive  apparently  is  nonslipping  and  noncreeping. 

It  might  work  satisfactorily  as  a transfer  adhesive. 

Bixby  stated  that,  in  addition  to  evaluating  the  results  obtained  by 
transfers  for  the  new  papers  received  recently  from  Champion,  tests 
will  be  made  to  determine  how  much  pressure  is  required  for  good  transfer. 


Future  Work 


It  was  agreed  that  research  for  the  coming  five  weeks  should  continue 
along  the  same  lines  as  in  the  recent  past.  No  changes  were  suggested. 
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MINUTES  OF  SPONSOR  MEETING 
November  14,  1952 


Subject:  "Continuous- Tone  Electrostatic  Electrophotography" 
Contract  DA- 36-039-SC- 123 

Pe  rsons  Present:  Allen  Rahm,  U.  S,  Army  Signal  Corps 

James  M.  Chapman,  Wright  Air  Development 
Cente  r 

Harold  E.  Clark,  The  Haloid  Company 
William  T.  Reid,  Battelle 
i R.  M.  Schaffert,  Battelle 

1 William  E.  Bixby,  Battelle 

Paul  G.  Andrus,  Battelle 
Eugene  C.  Ricker,  Battelle 
Edwin  E.  Graves,  Battelle 

This  meeting  was  held  on  November  14,  1952,  to  discuss  the  present 
status  of  the  work  on  this  project,  and  to  plan  work  to  be  done  between  now 
and  December  17,  1952,  the  tentative  date  of  the  next  meeting,  also  to  be 
held  at  Battelle. 

The  statements  set  forth  in  these  minutes  shall  not  be  considered  as 
evidence  of  inventorship  nor  as  constituting  recognition  of  the  novelty  or 
originality  of  any  of  the  ideas  or  suggestions  proposed  by  any  of  the  partici- 
pants. 


Sensitization 


Bixby  described  the  new  radioactive  polonium  source  obtained  from 
Canadian  Radium  and  Uranium  Corporation.  This  source  consists  of  a 
rectangle  of  nickel-plated  metal  covered  with  four-inch  by  five-inch  area 
of  polonium-210,  gold  plated,  and  covered  with  a plastic  coating.  While 
~we  requested  0.0005  inch  of  polonium,  which  would  provide  10  millicuries, 
the  source  actually  provides  20  millicuries. 

The  source  was  checked  to  assure  that  it  did  not  contaminate  the 
selenium,  as  did  an  earlier  polonium  source.  In  this  connection,  Bixby 
read  a report  by  United  States  Radium  Company  on  what  might  have  occurred 
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when  the  original  source  contaminated  the  selenium.  A check  of  the  new 
source  revealed  no  contamination  of  the  selenium,  the  container,  or  the 


camera  back  in  which  it  was 

used.  The  charging 

current  with  this  source 

is  0.41  microampere  with  a 

potential  difference  of  200  volts  and  the 

source  one  centimeter  from 

a bare  metal  plate. 

At  potentials  higher  than 

200  volts,  only  slightly  more  current  flows.  Following  are  the  currents 
obtained  with  various  platc-to- source  spacings  and  voltages: 

Potential 

Charging 

Spacing, 

difference, 

current, 

centimeters 

volts 

microamperes 

2.0 

350 

0.  58 

2.  5 

500 

1.0 

4.0 

1200 

1.  1 

6.  7 

2250 

1.2 

These  data  suggest  that  the  gold  and  plastic  coverings  retard  the  alpha 
particles  so  that  they  do  not  act  over  their  natural  range  of  3.  6 cm.  For 
this  case,  a reasonable  space  is  about  2.  5 cm  and  a reasonable  voltage 
about  500. 

With  this  radioactive  source  in  the  special  camera  back  designed  for 
testing  plates  with  high  dark  decay,  with  the  selenium  plate  spaced  0.  75 
inch  from  the  source,  and  with  a potential  difference  of  600  volts,  the 
potential  on  the  plate  at  different  times  and  the  charging  current  were 
as  follows: 


Charging  time, 
seconds 

Potential  on  plate, 
volts 

Charging  current, 
microamperes 

0 

0 

0.  9 

5 

175 

o 

00 

10 

300 

0.  54 

15 

400 

0.  48 

30 

400 

0.  42 

Bixby  stated  that  some  of  this  current  was  not  effective  in  charging  the 
plate,  being  dissipated  elsewhere  in  the  system. 

Allen  Rahm  asked  if  there  was  any  correlation  between  the  data  for 
current  flowing  to  a bare  metal  plate  and  times  required  f or  charging  a 
selenium  plate.  Bixby  replied  that  such  correlation  had  not  been  determined 
and  that  these  data  were  taken  only  for  the  actual  charging  of  a selenium 

plate. 


Bixby  then  reported  that  there  was  no  practical  difference  between 
the  light-decay  and  the  dark-decay  rates  for  selenium  plates  charged  by 
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corona  and  by  alpha  particles.  Similarly,  there  was  little  difference 
between  light-decay  and  dark-decay  rates  for  two-layer  selenium-tellurium 
plates  charged  by  corona  and  by  alpha  particles.  These  two-layer  plates 
comprised  a 25-micron  layer  of  selenium  covered  with  25  microns  of  a 
mixture  of  93  per  cent  selenium  and  7 per  cent  tellurium.  With  a spacing 
of  0.  75  inch  between  the  plate  and  the  source,  and  with  alpha  charging  for 
30  seconds  at  300  volts,  the  plate  accepted  a potential  of  only  60  volts  and 
lost  po'  ntial  rapidly  in  darkness.  At  the  same  spacing  and  charging 
time,  but  with  a potential  difference  of  600  volts,  the  plate  accepted  a 
potential  of  250  volts  and  dark  decay  was  much  slower.  It  was  concluded 
that  higher  initial  potentials,  as  with  corona  charging,  give  slower  dark 
decays.  Also,  Bixby  reported  that  dark  decays  for  two-layer  sellurium 
plates  were  about  the  same  for  both  corona  and  alpha  charging,  if  the  plates 
were  charged  to  the  same  initial  potential. 

Clark  suggested  that  the  same  measurements  be  made  on  a plate 
which  has  been  difficult  to  charge  in  the  past,  to  determine  whether  there 
is  any  effective  difference  in  charging  such  plates  with  alpha  particles 
and  with  rapid  corona  charging.  Bixby  replied  that  we  have  some  data 
indicating  that  alpha  charging  of  a plate  "medium  hard  to  charge"  is 
equally  as  effective  as  charging  the  plate  by  the  rapid  corona  method. 

Bixby  stated  that  more  data  are  necessary  to  determine  why  some 
plates  show  much  more  rapid  dark  decay  when  charged  to  a low  initial 
potential,  either  by  corona  or  by  alpha  particles. 

In  the  discussion  which  followed,  Rahm  indicated  that  more  data  are 
needed  on  sensitization.  Reid  raised  the  question  again  as  to  the  adequacy 
of  expressing  dark  decays  as  halftimes.  Schaffert  replied  that  he  believes 
that  a few  more  data  will  enable  him  to  define  some  basic  constants  for 
expressing  both  light-decay  and  dark-decay  rates. 

Rahm  expressed  the  opinion  that  charging  data  are  needed  for  a large 
group  of  plates,  representative  of  the  best  plates  spectrally,  photograph- 
ically, and  electrically.  He  did  not  feel  that  the  present  test  results  would 
be  adequate  to  show  the  direct  effects  of  charging  conditions  on  light-decay 
and  dark-decay  rates.  Bixby  replied  that  this  work  was  aimed  specifically 
at  obtaining  practical  results  as  soon  as  possible  and  not  at  getting  basic 
data.  Andrus  pointed  out  that  we  are  just  now  in  a position  to  produce  plates 
having  similar  spectral,  photographic,  and  electrical  characteristics. 
Therefore,  it  is  now  possible  to  explore  more  fully  the  reproducibility  of 
charging  with  alpha  particles  and  to  determine  optimum  charging  conditions 
and  voltages  required  to  minimize  dark  decay. 
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In  answer  to  a question  as  to  whether  tests  have  been  made  on  charging 
single-layer  and  two-layer  selenium-tellurium  plates  to  negative  polarities, 
Andrus  replied  that  such  tests  had  been  made  only  on  one-layer  plates. 

When  charged  negatively,  one-layer  plates  are  sensitive  to  light,  but  gen- 
erally accept  lower  initial  potentials  and  have  much  lower  residuals  than 
when  charged  positively.  Detailed  data  on  these  effects  were  given  in  the  0 

minutes  of  the  meeting  held  on  October  16. 

In  concluding  his  report  on  sensitization,  Bixby  stated  that  for  use  in 
the  camera,  a two-minute  charging  time  was  selected  for  the  polonium 
source,  to  assure  completely  uniform  charging  of  the  plate. 

At  this  point,  Ralim  asked  if  the  special  camera  back  made  to  permit 
photographic  tests  with  plates  having  a rapid  dark  decay  is  to  be  delivered 
to  the  Signal  Corps  at  the  end  of  the  year.  In  reply,  it  was  pointed  out  that 
this  camera  was  intended  for  experimental  work  only,  and  that  probably  it 
would  be  modified  many  times  before  reaching  its  final  form.  Rahm 
reminded  us  that  an  ion-charging  unit  is  to  be  furnished  to  the  Signal 
Corps,  as  well  as  two  plate  holders  modified  for  use  with  both  the  charging 
unit  and  the  developing  unit.  It  was  agreed  that  this  would  be  kept  in  mind. 
Chapman  stated  that  the  Air  Force  would  like  the  same  type  of  equipment, 
including  a powder-cloud  generator. 

Chapman  brought  up  the  matter  of  recycling  plates  without  fatigue  by 
using  regeneration  procedures.  Clark  pointed  out  the  undesirability  of 
using  polonium  in  place  of  electrical  charging  because  of  differences  in 
plate  performance  found  with  the  two  different  sensitizing  methods.  It  was 
agreed,  in  general,  that  the  flexibility  of  corona  charging  makes  it  prefer- 
able for  charging  of  plates  in  the  laboratory,  whereas  polonium  is  better 
for  field  use,  such  as  for  military  purposes.  It  was  agreed  that  work  in 
the  laboratory  should  be  continued  with  both  types  of  charging,  the  immediate 
objective  being  to  obtain  some  correlation  between  the  two. 


Development 


Bixby  reviewed  the  design  of  the  capillary-tube  developing  unit  and 
the  general  method  of  producing  the  powder  cloud  and  for  aspirating  air 
into  the  development  chamber.  He  reported  that  cutting  off  the  supply  of 
air,  so  that  only  Freon  was  present,  resulted  in  marked  deterioration  of 
picture  quality. 
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Increasing  the  speed  of  the  belt  15  times  gave  poor  picture  quality, 
but  development  was  obtained  in  about  one  second.  Increasing  the  flow  of 
air  to  60  liters  per  minute  resulted  in  pictures  with  as  good  quality  as 
the  best  continuous-tone  photographs  made  to  date. 

To  determine  the  maximum  flow  rate  in  the  development  region, 

Freon  was  added  in  the  aspirating  section  instead  of  air.  Poor  quality 
pictures  resulted,  possibly  indicative  of  less  charging  of  the  powder  cloud. 
The  addition  of  secondary  air  in  the  aspirator  when  air  was  used  to  produce 
the  primary  powder  cloud  gave  slightly  better  results  than  the  addition  of 
air  to  Freon.  In  this  case,  the  total  rate  of  flow  of  air  was  60  liters  per 
minute,  the  development  time  was  one  second,  and  the  coated  belt  moved 
four  inches  per  second. 

Reid  suggested  that  helium  be  tried  in  both  generator  and  aspirator. 

Ricker  showed  a series  of  pictures  made  with  the  development  unit 
in  which  the  capillary  tube  was  removed,  leaving  a l/l6-inch  length  of 
0.046-inch  ID  tube  in  the  line.  The  pictures  were  of  very  good  quality, 
again  perhaps  as  good  as  with  the  usual  single  capillary  tube.  Of  more 
importance,  these  pictures  were  black,  instead  of  sepia.  Reid  mentioned 
that  as  far  as  de agglomeration  of  the  powder  particles  is  concerned,  flowing 
the  cloud  through  an  orifice  might  be  as  effective  as  passing  it  through  a 
capillary  tube. 

Plans  have  been  made  to  determine  the  effect  of  cloud  density,  and 
to  determine  whether  or  not  the  short  0.046-inch-diameter  tube  has  any 
real  function  in  charging  the  powder  cloud.  In  this  connection,  Rahm  and 
Chapman  suggested  that  a live  subject  be  used  where  possible,  rather  than 
copying  an  existing  print. 

Bixby  reported  tests  made  with  a multiplicity  of  capillary  tubes  to 
make  possible  the  use  of  wider  plates.  Using  eight  capillary  tubes  uniformly 
spaced  over  a width  of  four  inches,  somewhat  grainier  images  were  obtained 
than  when  using  a single  capillary  tube. 


Plates 


One- Layer  Plates 

Andrus  reviewed  the  type  of  plates  being  made  experimentally.  One- 
layer  plates  composed  of  93  per  cent  selenium  and  seven  per  cent  tellurium, 
prepared  at  a platen  temperature  of  70  C,  gave  lower  residual  potentials 
of  about  50  volts,  as  compared  with  residual  potentials  of  about  600  volts 
for  the  same  type  of  plate  made  at  a platen  temperature  of  80  C.  Plates 
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made  at  the  lower  temperature  were  less  panchromatic  than  those  prepared 
at  80  C.  The  maximum  wavelength  at  which  any  response  is  obtained  for 
a selenium  plate  on  a brass  backing  is  about  550  microns,  that  for  a single- 
layer selenium-tellurium  plate  made  at  70  C is  from  600  to  650  microns, 
and  that  for  a single-layer  sellurium  plate  made  at  80  C is  about  750  microns. 


* 

i 


Two- Layer  Plates 

Two-layer  plates  were  prepared  consisting  of  a bottom  layer  of 
selenium  comprising  90  per  cent  of  the  total  thickness  of  the  plate,  and 
an  upper  layer  consisting  of  a selenium-tellurium  mixture  in  which  the 
tellurium  concentration  before  coating  was  varied  from  7 to  20  per  cent. 
These  plates  were  5 microns  thick.  Increasing  the  tellurium  content  in  the 
top  layer  extended  the  sensitivity  toward  the  red  end  of  the  spectrum.  Ab- 
solute sensitivity  also  appears  to  increase,  with  increasing  tellurium  content. 
However,  dark-decay  rates  also  increase,  seven  per  cent  tellurium  giving  a 
halftime  in  darkness  of  600  seconds,  and  17  per  cent  tellurium  giving  a 
halftime  of  approximately  10  seconds. 


Decreasing  the  thickness  of  the  top  layer  of  selenium-tellurium  from 
four  microns  to  about  one  micron  improved  the  dark-decay  rate,  but  gave 
slightly  poorer  spectral  response.  In  this  case,  the  top  layer  contained^ 
seven  per  cent  tellurium. 

Rahm  suggested  that  these  two-layer  plates  be  tested  by  sensitizing  ll 
them  to  negative  polarities,  as  residual  potentials  have  not  been  a majorv 
problem  with  plates  charged  negatively.  j 

/j  ' 

Andrus  stated  that  the  plate  containing  20  per  cent  tellurium  in  the 
top  layer  appeared  to  be  about  15  times  more  sensitive  than  selenium 
plates.  Also,  varying  the  deposition  time  from  1-1 /2  minutes  to  70  mirl:tes 
for  a top  layer  containing  10  per  cent  tellurium  showed  no  definite  effeci 
on  sensitivity.  The  conclusion  was  that  the  rate  of  deposition  of  the  top, 
layer  is  not  critical. 


Andrus  then  reported  that  the  large  vacuum  system  had  been  changed 
to  produce  a photoconductive  layer  with  an  area  of  four  inches  by  five  ir.ches 
on  a five-inch  by  seven-inch  blank  of  brass.  In  this  case,  the  top  layer 
consisted  of  a mixture  of  80  per  cent  selenium  and  20  per  cent  tellurium, 
and  was  two  per  cent  of  the  total  thickness  of  the  plate.  Four  of  six  pl'ites 
of  this  type  made  were  consistently  good,  ranking  about  halfway  bety  een 
standard  selenium  plates  and  the  best  single-layer  selenium-telluriam 
plate  produced  in  the  laboratory.  These  plates  are  about  eight  times  a> 
fast  photographically  as  selenium  plates,  but  they  deteriorated  when)**;-  , 
posed  to  light. 
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10-B7  and  10-B8 


Adhesive  Transfer 

Bixby  reported  the  evaluation  of  more  adhesive-coated  papers  supplied 
by  the  Champion  Paper  and  Fibre  Company.  The  manufacturer  has  reported 
that  there  appears  to  be  a correlation  between  the  adhesive  materials  he 
uses  and  the  results  obtained  at  Battelle.  Tests  are  now  being  repeated 
with  a few  of  the  better  materials.  Plans  are  being  made  to  determine  the 
force*  required  to  produce  satisfactory  transfers  with  these  materials. 
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APPENDIX  C 

MINUTES  OF  SPONSOR  MEETING 
December  17,  1952 


Subject:  "Continuous-Tone  Electrostatic  Electrophotography" 

Contract  DA-36-039-SC- 123 

Persons  Present:  Steven  Levinos,  U.  S.  Army  Signal  Corps 

James  M.  Chapman,  Wright  Air  Development 
Center 

* Lt.  James  Mozer,  Wright  Air  Development 

Center 

R.  E.  Hayford,  The  Haloid  Company 
H.  E.  Crumrine,  The  Haloid  Company 
W.  T.  Reid,  Battelle 

L.  E.  Walkup,  Battelle  c 

P.  G.  Andrus,  Battelle 

W.  E.  Bixby,  Battelle 

H.  E.  Medley,  Battelle 

E.  C.  Ricker,  Battelle 

B.  A.  Goldis,  Battelle 

R.  K.  Trask,  Battelle 

This  meeting  was  held  on  December  17,  1952,  to  discuss  the  present 
status  of  work  oi  this  project,  and  to  plan  work  to  be  done  between  now  and 
January  29,  1953,  the  tentative  date  of  the  next  meeting,  also  to  be  held  at 
Battelle. 


The  statements  set  forth  in  these  minutes  shall  not  be  considered  as 
evidence  of  inventorship  nor  as  constituting  recognition  of  the  novelty  or 
originality  of  any  of  the  ideas  or  suggestions  proposed  by  any  of  the  partici- 
pants. 


Radioactive  Contamination  of  Selenium  Plate 


Levinos  opened  the  meeting  by  asking  about  the  explanation  given  by 
the  U.  S.  Radium  Corporation  concerning  the  radioactive  contamination 
which  occurred  when  a very  strong  source  of  polonium-210  was  left  near 
a selenium- coated  electrophotographic  plate.  Their  explanation  was  that 
selenium  vapor  combined  with  the  silver-coated  base  plate  on  which  the 
polonium  was  deposited  and  formed  silver  selenide.  This  material  then 
separated  from  the  base  plate,  and  in  doing  so  released  small  amounts  of 
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polonium  from  the  source  which  were  carried  by  air  currents  to  the 
electrophotographic  plate  and  the  walls  of  the  container.  Levi  nos  stated 
that  he  thought  this  analysis  was  incorrect.  He  suggested  that  the  reaction 
was  one  of  decomposition  of  water  vapor  caused  by  the  intense  ionization, 
with  the  resulting  free  hydrogen  combining  with  the  polonium  to  form 
polonium,  hydride,  a volatile  compound  which  could  then  diffuse  throughout 
the  chamber.  He  suggested  that  we  forward  this  explanation  to  U.  S.  Radium. 


Two- Layer  Plates 


Review  of  Past  Work 


Andrus  reviewed  the  work  done  prior  to  the  last  meeting  on  the  prep- 
aration of  twp-layer  selenium-tellurium  plates.  These  plates  were  coated 
with  45  microns  of  selenium  as  the  bottom  layer,  over  which  was  deposited 
five  microns  of  a mixture  of  selenium  and  tellurium  as  the  top  layer.  The 
amount  of  tellurium  in  the  mixture  was  varied  from  7 per  cent  to  20  per 
cent.  The  sensitivity  of  these  plates  as  a function  of  wavelength  of  radiation 
increased  as  the  percentage  of  tellurium  in  the  top  layer  was  increased,  up 
to  the  maximum  concentration,  or  20  per  cent,  of  tellurium  used.  The  area 
under  the  sensitivity  curve  for  the  plate  containing  20  per  cent  of  tellurium 
in  the  top  layer  was  17  times  the  area  under  the  sensitivity  curve  for  a 
selenium  plate.  This  concept  of  the  area  under  the  sensitivity  curve  being 
an  indication  of  the  sensitivity  of  the  plate  is  the  same  as  has  been  used 
previously. 


Effect  of  Tellurium  Concentration  on  Spectral  Response 

< 

To  determine  the  change  in  spectral  response  of  the  plates  as  the  per- 
centage of  tellurium  was  varied,  a new  measure  of  panchromaticity  was 
applied  to  the  data  on  these  plates.  This  definition  states:  "The  effective 
panchromatic  cutoff  point  is  at  a wavelength  where  the  sensitivity  of  the 
plate  has  decreased  to  one- fifth  the  maximum  value  it  has  at  any  point  in 
the  spectrum".  After  some  discussion,  it  was  agreed  that,  although 
arbitrary,  this  definition  does  have  definite  value  and  can  be  used  to 
advantage  in  describing  the  spectral  response  of  electrophotographic  plates. 

Using  this  definition,  the  effective  cutoff  wavelengths  were  plotted 
against  the  percentage  of  tellurium  in  the  top  layer  of  the  various  plates  of 
this  series.  It  was  found  that  these  cutoff  points  lie  on  a straight  line,  with 
the  effective  cutoff  point  moving  to  longer  and  longer  wavelengths  as  the 
percentage  of  tellurium  increases.  For  a selenium  plate,  this  cutoff  point 
is  505  millimicrons.  For  the  plate  containing  20  per  cent  tellurium  in  the 
top  layer,  the  effective  cutoff  point  is  at  735  millimicrons,  well  beyond  the 
limit  of  human  visibility. 
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Effect  of  Thickness  of  Top  Layer  on  Spectral  Response 

Andrus  reported  on  a series  of  plates  made  with  the  top  layer  of  the 
plate  representing  only  two  to  four  per  cent  of  the  total  thickness  of  the 
coating.  The  bottom  layer  again  was  of  selenium,  and  all  of  these  plates 
were  made  with  a top  layer  containing  £ 0 per  cent  of  tellurium.  The 
effective  spectral  cutoff  point  was  consistently  between  650  and  700  milli- 
microns. The  sensitivity,  of  these  plates,  defined  as  the  reciprocal  of 
the  time  in  seconds  required  for  the  plate  to  decay  from  £00  to  100  volts 
when  exposed  to  light  having  an  intensity  of  0.  030  watt  per  sq  cm  at  400 
millimicrons,  varied  more  widely,  from  0.6  to  1.0.  Dark-decay  rates 
varied  considerably,  the  time  required  for  the  potential  to  decay  from  £00 
to  100  volts  for  different  plates  being  from  15  seconds  to  1000  seconds. 
Most  of  these  plates,  however,  had  dark-decay  times  between  100  seconds 
and  300  seconds,  even  though  the  top  layer  contained  £0  per  cent  tellurium. 
The  possibility  of  tolerating  even  faster  dark  decay  suggests  that  higher 
concentrations  of  tellurium  might  prove  advantageous. 


Effect  of  Deposition  Rate  and  fiackiag-Plate  Temperature 

<!  h 

Another  series  of  plates  was  made  to  determine  the  effect  and  the 
importance  of  the  rate  at  whi,ch  the  coating  material  is  evaporated  and  of 
the  temperature  of  the  backing  plate  during  deposition.  Plates  were  made 
at  backing-plate  temperatures  of  60  C,  70  C,  and  80  C,  the  top  layer  being 
deposited  at  a rate  of  one- sixth,  one-twentieth,  and  one-sixtieth  gram  of 
selenium-tellurium  leaving  the  crucible  each  minute;  three,  ten,  and  thirty 
minutes,  respectively,  were  required  to  powder  the  top  layer.  In  each 
case,  the  bottom  layer  of  selenium  was  deposited  in  10  minutes,  but  at  the 
temperature  corresponding  to  th^t  used  in  depositing  the  top  layer.  The 
top  layer  contained  £0  per  cent  of  tellurium  and  was  two  to  three  microns 
thick;  the  total  thickness  of  the  coating  was  approximately  60  microns. 

Three  plates  were  produced  at  each  of  the  nine  possible  combinations  of 
variables,  giving  a total  of  £7  plates  in  this  series.  These  plates  were 
made  in  random  order,  to  decrease  the  effect  that  progressive  changes  in 
equipment,  room  atmosphere,  or  other  uncontrolled  variables  might  have. 

The  maximum  value  of  the  sensitivity  of  these  plates,  as  defined  by 
the  conditions  described  previously,  varied  from  0.88  to  1.  £.  This  is 
considered  to  be  a small  variation,  as  it  is  less  than  observed  among  plates 
made  under  conditions  which  are  assumed  to  be  identical.  It  was  concluded, 
therefore,  that  there  is  little  or  no  significant  effect  on  the  sensitivity  of 
plates  due  to  variation  in  the  rate  of  deposition  or  the  temperature  of  the 
backing  plate,  within  the  fairly  wide  range  of  each  variable  investigated. 
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The  effective  spectral  sensitivity  cutoff,  defined  again  as  that  wave- 
length at  which  the  sensitivity  falls  to  one- fifth  of  its  maximum  value, 
showed  some  correlation  with  the  temperature  of  the  backing  plate  and  the 
rate  of  deposition.  This  cutoff  value  was  extended  approximately  i 0 
millimicrons  toward  the  longer  wavelengths  when  either  the  deposition 
time  was  increased  from  three-  min  >tes  to  10  minutes,  or  when  the  temper- 
ature increased  from  60  C to  70  C.  When  these-  conditions  were  used 
simultaneously,  the  cutoff  was  extended  some  40  millimicrons  toward 
longer  wavelengths  when  c<  u-j  art-H  with  plates  made  at  60  C and  a deposition 
time  of  three  minutes.  For  plate,  made  with  the  longest  deposition  time, 

30  minutes,  and  the  highest  temperature  of  the  backing  plate,  80  C,  the 
results  were  intermediate  to  those  just  described.  A statistical  analysis 
of  these  data  revealed  them  to  have  a significance  level  of  approximately  10 
per  cent,  or,  in  other  words,  there  is  a 90  per  cent  probability  that  the 
trends  noted  are  true  eff  i.>  «.,i  tut  riabi.es  studied.  One  other  measure- 
ment made  on  these  plate.-  . but  for  which  no  trends  could  be  established, 
was  that  of  dark-decay  rates.  The  halftur.es  of  dark  decays  varied  from  8 
seconds  to  600  seconds. 


Effect  of  Other  Variables 


The  next  series  of  experiments  on  tins  problem  is  designed  to  investi- 
gate the  importance  of  one  other  variable,  the  pressure,  within  the  vacuum 
chamber  during  deposition.  Also  to  be  studied  further  is  the  effect  of  the 
thickness  of  the  top  layer  applied  to  the  selenium  base  layer,  and  of  the 
concentration  of  tellurium  in  the  top  layer. 


Measurement  of  Charge  Applied  to  Plate 


Andrus  reported  that  a device  has  been  added  to  one  electrometer  to 
permit  measuring  the  amount  of  charge  flowing  to  the  plate  during  sensitiza- 
tion. This  is  done  by  placing  a known  capacity  in  series  with  the  plate  during 
sensitization  and  reading  the  potential  which  this  condenser  acquires.  The 
electrophotographic  plate  is  masked  so  that  a known  area  is  sensitized. 
Knowing  this  area,  the  capacity  of  the  electrophotographic  plate,  and  the 
voltage  to  which  the  plate  is  charged,  the  amount  of  charge  remaining  on  the 
plate  can  be  computed. 

With  a selenium  plate,  approximately  90  per  cent  of  the  charge  which 
flowed  to  the  plate  was  retained  on  the  plate.  Approximately  0.  5 micro- 
coulomb is  required  to  charge  an  area  of  ten  square  centimeters  of  a 50- 
micron-thick  selenium  plate  to  500  volts.  This  method  of  measuring  the 
Charge  on  a plate  should  aid  in  improving  the  reproducibility  of  sensitization 
of  plates  being  tested  on  the  vibrating-probe  electrometer. 
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Availability  of  Selenium 


Andrus  indicated  that  some  work  will  be  done  to  find  other  sources  of 
selenium,  because  the  ARQ  brand  will  apparently  be  discontinued  and  be- 
cause of  tht  ver-all  shortage  of  all  types  of  selenium,  Hayford  reported 
that  Haloid  not  nearly  so  worried  about  the  selenium  supply  now  as  they 
were  a month  ago,  and  that  they  do  not  presently  consider  it  a critical 
problem. 


Adhesive  Transfer 


Bixby  reported  that  the  work  on  image  transfer  has  continued  on  the 
testing  of  specially  coated  Kromekote  paper.  As  shown  at  the  previous 
meeting  with  the  Sponsor,  good  transfer  pan  be  produced  with  these  special 
papers.  However,  the  force  required  to  produce  a satisfactory  transfer 
was  not  known. 

To  determine  the  force  required  to  transfer  powder  images,  a trans- 
fer device  was  constructed  in  which  the  forces  can  be  measured.  Medley 
described  this  device,  which  consists  of  two  15/l6-inch  steel  rollers 
covered  with  sleeves  of  rubber  5/64  inch  thick  and  having  a Rex  durometer 
hardness  of  80,  measured  with  the  sleeves  on  the  rollers.  The  top  roller 
is  attached  to  a lever  arm  so  that  forces  up  to  1000  pounds  can  be  applied 
to  the  roller. 

Using  this  device,  it  was  found  that  several  of  the  papers  produced 
good  transfers  when  a force  of  only  300  pounds  was  applied  through  the 
transfer  rollers.  Samples  of  transferred  prints  were  exhibited,  and  it 
was  agreed  that  the  picture  quality  was  generally  as  good  as  could  be  ob- 
tained with  dye-transfer  paper.  Bixby  said  that  it  is  now  planned  to  obtain 
a larger  quantity  of  the  better  material,  perhaps  a roll  of  several  hundred 
feet  of  paper,  and  asked  what  the  most  desirable  weight  and  whiteness  of 
the  paper  would  be.  Levinos  suggested  a weight  and  whiteness  comparable 
to  that  of  single- weight  photographic  paper. 


Development 


In  a brief  review  of  previous  work,  Bixby  noted  that  Freon  1£  and 
air  produced  distinctly  different  qualities  of  images  when  used  as  the 
principal  gas  in  the  powder-cloud  development  apparatus,  air  yielding  the 
better  images.  To  determine  whether  the  difference  in  image  quality  might 
be  due  to  the  difference  in  the  density  of  viscosity  of  the  two  gases,  a third 

BA  T TELLE  MEMORIAL  INSTITUTE 

R ESTRICTED 


RESTRICTED 


10-C6  * 

gas,  helium,  was  used.  The  tests  are  still  in  progress,  but  the  initial 
results  indicate  that  helium  also  is  somewhat  inferior  to  air  in  producing 
high-quality  images.  Levinos  suggested  that  th,^  different  temperatures 
obtained  as  the  different  gases  expand  might  be  a factor  to  consider,  and 
asked  if  it  would  be  useful  to  measure  the  temperature  of  the  gases  being 
emitted  from  the  capillary  tube.  Reid  suggested  that  the  temperature  of 
the  gas  could  probably  be  calculated  more  accurately  than  it  could  be 
measured. 


Pictures  made  using  air,  Freon  12,  and  mixtures  of  Freon  and  air, 
were  shown  by  Ricker.  He  also  showed  pictures  made  using  a multiple- 
tube  development  unit.  This  type  of  unit  produces  much  more  uniform 
development  than  the  single-tube  unit.  Therefore,  a multiple -tube  unit  is 
being  installed  in  the  rapid-processing  camera  used  with  selenium-tellurium 
plates,  where  nonuniformity  of  development  is  particularly  noticeable. 


Sensitization 


Bixby Reported  that  prior  to  the  last  meeting  polonium-ion  sources 
had  been  used  to  sensitize  plates,  and  that  good  images  had  been  produced. 
Since  then,  experiments  have  been  conducted  to  determine  more  specifically 
. : ^"'how  plates  can  be  charged  using  radioactive  sources.  The  experiments 

consisted  of  measuring  accurately  the  ion  current  flowing  from  the  polonium 
to  a metal  plate,  varying  the  distance  between  them  and  the  voltage  gradient. 
In  the  experimental  arrangement  used,  the  current  measured  was  that  flow- 
ing to  a circular  plate  surrounded  by  a guard  ring  held  at  the  same  potential 
as  the  circular  plate. 

Trask  presented  graphs  of  current  as  a function  of  applied  field 
strength  for  various  spacings  of  the  bare  metal  plate  and  the  source.  These 
curves  showed  that  the  saturation  current  increased  as  the  spacing  was  in- 
creased to  about  1.25  inches.  The  maximum  current  obtained  between  the 
polonium  and  the  30  square  centimeter  circular  plate  was  about  0.20  micro- 
ampere. Trask  explained  how  these  curves  were  than  integrated  numerically 
by  an  approximation  method.  These  integrations  showed  how  plate  potential 
varied  with  time  for  different  plate-to-source  spacings  and  field  strengths. 
These  calculated  curves  were  similar  to  the  results  obtained  experimentally 
in  spot  checks  made  to  determine  the  validity  of  these  calculations.  For 
long  charging  times,  the  calculated  values  were  somewhat  higher  than  the 
experimental  results. 

This  work  indicates  that  a 50-micron  selenium  plate  can  be  charged  to 
200  volts  in  11  seconds  using  a potential  of  300  volts  between  the  present 
polonium  source  and  the  plate  when  the  separation  is  one  inch.  More  rapid 
charging  could  be  obtained  using  higher  potentials,  but  with  some  sacrifice 
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in  control.  Walkup  pointed  out  that  a cyclic  charging  procedure  involving 
an  initial  high-voltage  charging  period  and  then  a low-voltage  period  might 
shorten  the  charging  time  without  sacrifice  of  control*  Levinos  suggested 
that  such  a charging  procedure  be  tested. 

Hayford  asked  whether  further  work  had  been  done  on  comparing  the 
effects  of  corona  and  radioactive  sensitization  on  plate  characteristics. 
Bixby  reported  that  none  had  been  done  during  the  past  month* 
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